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' ~ SUMMARY
B Acute Toxicity Purified casein is non-toxic at high levels. Oral
r MLD values in rats of 30,000-38,000 mg/kg BW have been
i found but death was due to aspiration asphyxia or gastric
= rupture (0180)., The amount of purified casein that can
be tolerated appears to be dependent on the mass that
?s the stomach can accommodate (0180), The estimated oral
‘ LDy, is well over 1,000,000 mg/kg BW (0180). Sodium
- and calcium caseinates have oral MLDs of 75,000 mg/kg
L : BW in rats (0180). The indicated oral LD, value is
g in the order of 400,000 to 500,000 mg/kg BW (0180).
=
: Shart-term Small amounts of casein administered to experimental
stuydiles énimals over a long period of time cause amyloidosis,
T. a disease characterized by deposits of a glycoprotein
* (amyloid) in spleen, kidneys, liver and other organs
?‘/ﬁﬁ\, (0259). The disease occurs spontaneously also in man
; and laboratory animals. TImmunologic phenomena, and
- toxic products of microbial contaminants, have been
. suggested as mechanisms (1401),
- Glomerular and tubular kidney damane has been
: observed in animals fed high supplements of caselin
(0832).

Casein at a level of 187 in the diet was found to

-

be very effective in building hemoglobin and protecting

rats from anemia and granulocytopenia (0779).

N |

Kittens on a semi-purified basal diet containing

vitamin-free casein developed conjunctivitis, xerosis,

N |

keratitis, vascularization of the cornea, cataracts,

- \ and progressive destruction of the visual cells of the
i ' retina in spite of vitamin A supplements in amounts
adequate for other test diets (1334). 1t has been

suggested that the amino acid patrern may be unsuitable

N for cats (1334).
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Drug Interaction

Consumer Exposure

in vitro with digestive juices from the dog (1591).
131

In vivo studies with Casein-I revealed maximum radio-
activity in the blood stream in about 2 hours (1591),
In the calf, casein digestion began soon after ingestion,
and P32 was detected in the blood stream within 15 min-
utes although maximum levels were not reached until 13-23
hours later (0895). Liver, kidneys, rumen, omasum, and
jejunum showed rapid rates of P32 exchange (0895).

Sodium caseinate infused rumenally or abosmally at
a level of 900 mg/kg BW/day increased milk yield sig-
nificantly, and the protein and nitrogen content and
dry matter digestibility as well. The sequence of
limiting amino acids for the lactating dairy cow was
phenylalanine, methionine, lysine, threonine, leucine,

isoleucine, histidine, valine, and arginine (0324).

Casein at a level of 307 in the diet reduced significantly
the amount of kidney damage in rats due to therapy with
1% sulfadiazine (0780), Casein also protected rabbits
from hyperglycemla {n gcetoacetate-induced diabetes
(1067),

Casein and caseinates are regarded as "complete'" proteins
with the proper amino acid composition for adequate
nutrition and growth (1412), Large quantities are used
in the preparation of infant formulas, children's foods,
diets for the elderly, sick, and convalescent, diabetic
foods, diets for the obese, and in calf starters and
other animal feeds (1412),

Estimated dally intakes of casein from milk products
range from 14 grams for children and adults to 33 grams
for Infants. Estimated maximum daily intakes are
54 and 140 grams, respectively (0420).

Calcium caseinate levels are 2 and 6 grams on the
average and 7 and 17 grams maximum, for the above
zroups (0420).
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Estimated average daily intakes of sodium caseinate
from all food categories are 5 grams for iInfants and
7 grams for children and adults. Maximum intakes are
estimated to be 13 and 14 grams, respectively, for the
two groups (0421),

Foods in which sodium caseinate is used to the
maximum level are milk products 9%, imitation dairy
products and breakfast cereals 4.5%, and cheese 47
(0418). The total annual poundage reported to NAS
and FEMA in 1972 was 13,231,488 pounds (0417),

In 1972, 105,401,000 pounds of casein were imported
from abroad. Imports over the past ten years ranged
from 87,878,000 pounds in 1963 to 135,288,000 pounds
in 1970 (1474).

Casein is one of the substances that migrate to
food by virtue of its wide use in the manufacture of
synthetic textile fibers and paper coatings and
glazes (1388).
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Table 1

Anino Acid Composition of Casein (1094)

Hame Formusla % ame Formula %

Alanine c,u,uoz 2.6 f.yaine C6H14H202 7.3
Arginine cﬁul4u 02 3.0 Hethionine CSH11N02S 2.5
Aspartic acid Gkulnoh 6.3 Phenylalanine CQHLINOZ 4.4
Cystine 66H12N20432 0.3 Proline C5H9N02 16,1
Glutamic acid C5H9N04 20.0 Sarine C3H7H03 5.6
Glycine C2" H02 2.4 threonine C4H9H03 4.3
Histidine c6u9u302 2.7 Tryptophan €, Hp,M,0, 1.1
Leucine 06“13N02 8.2 Tyrosine CQHHNO3 5.6
Isoleucine 66313N02 5.4 Valine Csﬂllnnz 6.4

B, Calcium cageinate

Calcium 1.6%, amino acid components

G,
Ho 1
D.
tlo 1
B
Ho 1
F.

Sodium 1.3%; amino acid components same as for casein above (1095).

Magnesium caseinate
nformation.
Manganese caseinate
nformation,
Potasafum caseinate
nformation,

Sodium caselnate

Sgructurqlrfornulg

111,
None
1v.
Ae
B,

Caseing
Calcium caseinate:

Magnesium caseinate:
Manganese caselnate:
Potasaium caseinate:

Sodium caseinate:

No
No
No
No
Ho

Molecular Weight (Polymer weight)

75,000 to 375,000, Varies according to purity (1412).

information.
information,
information.
information.

information.

same as for casein above (1096).
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A. Casein

Casein is manufactured in several grades of varying degrees of purity:
certified, vitamin-free, high protein, purified, acid, remmet and so forth,

The United States Repartment of Agriculture (0050) has established
the following U. S. Standards for grades of edible dry casein (acid):

U. 8, Extra Grade Requirements

U. S. Extra Gpade edible dry casein (acid) shall conform to the

following requirements;

(a) Flavor and odor. Bland natural flavor and odor and free
from offenafve flavors and odors such as sour or cheesy.

(b) Phyafcal appearance. Is white to cream colored; if
pulverized, free from lumps that do not break up under slight
pressure,

(c) Bacterial estimates. Standard plate count not more than
30,000 per gram. Coliform count uegative per 0.1 gram,

(d) Proteim content. MNot less than 95 per cent, dry basis,
(Nitrogen X 6.38).

(e) Moisture content. Not more than 10 per cent.

(f) Milk fat content, Not more than 1.5 per cent. .

(g) Extraneous materials. Scorched particles not more 15 mg.
and free from foreign materials in 25 grams,

(h) Free acid, Titrated to not more than 0.20 ml of 0.1N NaOH
per gram.

U, S, Standard Grade Requirements

U, S. Standard Grade edible dry casein (acid) shall conform to
the following requirements:

(a) Flavor and odor. Not more than slight unnatural flavors er odors
and free from offensive flavors and odors such as sour or cheesy.

(b) Phyaieal appearance. Is white to cream colored; if
pulverized, free from lumps that do not break up under moderate
pressure,

(c) Bacterial estimates. Standard plate count not more than
100,000 per gram, Coliform count not more than 2 per 0.1 gram.

(d) Protein content. Not less than 90 per cent, dry basis
(Nitrogen X 6,38).

(e) Moisture content. Not more than 12 per cent,

(f) Milk fat content., Not more than 2 per cent.

(g) Extraneous material. Scorched particles not more 22.5 mg
and free from forelgn materials in 25 grams.

(h) Free acid, Titrated to not more than 0.27 ml of 0.1 ¥ MNaOH

per gram




- F. Sodium casainate

- SODIUM CASEINATE (1095)

- TYPICAL ANALYSIS:
PROTEIN (N x 6.38) (dry basis) 92,5 - 94,5%
MOISTURE 5.0%

- ASH 4.0%
FAT 1.5%

| SODIUM 1.3%

- | AMINO ACID CONTENT:
(calculated) Per Cent

- ALANINE 2,7

: ARGININE 3.7

_ ASPARTIC ACID 6.4

N CYSTINE 0.3

: GLYCINE 2,4

- GLUTAMIC ACID 20,2
HISTIDINE 2.8
ISOLEUCINE 5.5

_ LEUCINE 8.3
LYSINE 7.4
METHIONINE 2.5

- PHENYILALANINE - 4.5
PROLINE 10.2
SERINE . 5.7

~ THREONINE 4.4
TRYPTOPHANE l.1
TYROSINE 5.7

o VALINE 6.5

- VI. Description

A. Casein
— Casein is a white or light cream-colored amorphous powder with a clean

— characteristic milk-like odor (1094, 1412),

——



It ias very sparingly soluble In water and nonpolar organic solvents but
dissolves readily in aqueous solutions of alkalies (1388),
Physical constants are (1412):
Specific Gravity: 1.25-1.31
Specifiec Rotation: D -61,7° to -92,2° (Levorotatory)
Refractive Index: 1.675
Casein may he stored safely up to 2 1/2 years if packed in clean, closely
woven burlap bags or muleiply paper bags in a clean, dry warehouse at a
temperature below 80°F and a relative humidity of 65% or less. Higher
temperatyres and moisture favor microbial spoilage (1412).
The Warth incubatfon test is widely used to indicate probable storage
safety of lots of caseing

Fifteen grams of the sample is placed in 90 ml of sterile
water in a cotton-stoppered flask and incubated at 37.5°C.
A good product will stand up well for at least 48 hours
and will show no sign of marked decomposition under 72 hours (1412).

Spoilage of casein under satisfactory storage conditions is usually due to
poor quality or unsatisfactory processing conditions (1412),

Molds, moth larvae, and beetles are the most troublesome pests. Sulfur
dioxide fumigation of warehouses is resorted to sometimes. Exteriors of bags
are sprayed with sodium cresylate on occasion (1412).

B. Calclum caseinate

Calcium caseinate is an amorphous white powder.

C. Magnesium caseinate

No informatiom,

D. Manganese caseinate

No informatiom,

E. Potassium caselnate

No information,.

F., Sodium caseinate

Sodium caseinate 18 an amorphous white powder with a clean bland flavor.

VIiI. Analytical Methods
The officilal AOAC (0084) quantitative analytical method for casein

involves dissolving a vepresentative sample in water, precipitating the casein
with acetic acid and determining nitrogen on the washed precipitate by the
Kjeldahl method. N X 6,38 gives the percentage of "casein" (total protein).



The major comdenents of casein ( a-, B-, and K-casein) can be determined
quantitatively by column chromatography of alkylated samples on DEAE-cellulose
in the prescnce of urea by a procedure recently developed by Rose et al. @256),
The estimated accuracy of the method is 5% with reproducibility within 2 or 3%.

The authors poiat out that the procedure is applicable to a wide variety
of casein preparaticus and that it 1s not affected by minor components of
casein and varying amounts of carbyhydrate in k-casein which influence the

results with certain other methods.

VIIT. Occurrence and levels
A. Tlants

Casein and caseinates do not occur in the plant kingdom.

B. Aaimals

Casein is syathesized and secreted by the mammary gland of the lactating
mammal. 1t exists in milk as a stable suspension of tiny calcium-protein-
phosphorus particles, about 100mj in diameter, referred to as micelles (0269),

The actual amouut in the milk of different species varies considerably (0975),

fluman milk - 0.47%
Cow's milk - 2,8%
Coat milk - 2.5%
Sheep milk - 4,67
Horse milk - 1,3%
Llama milk -~ 6,2%

Commercial casein is prepared from skim milk by precipitation with acid
at pH 4.6 or by means of the enzyme rennin (1412).

Calcium, magnesium, manganese, potassium, and sodium caseinates are
Prepared by treating a good quality acid casein with the appropriate hydroxide
(Ca(OH)Z, MaOH, etc.) to a pH of about 6.7, The solutions are then spray dried
or roller dried and milled (0975, 1412).

C. Eynthetics

Casein and caseinates are widely employed in the food industry as foods,
emulsifiers, binders, stabilizers, and texturizers. At least 26 foods on the
U. S. market contain one or more as nutrients or processing aids (0422, 1412).

Large quantities of casein are used also in the manufacture of plastics,
synthetic textile fibers, paper coatings and glazes, adhesives, paints, and
leather finishes (1338, 1412),

B. lInorganic sources

Hone,



BINLOGICAL DATA

I. Acute Toxicity

Rats

Boyd et al.(0180) determined the oral (by intragastric canula) 1)1
values of casein, vitamin-free casein, high-protein casein, sodium caseinate,
calcium caseinate, in young male albino rats (Wistar strain), weighing

150-200 grams, that had been fasted overnight. Ten to 20 animals were used
per group, The preparations were given in increasing amounts until death
occurred, Distilled water was used as the vehicle exceptiung for casein
(certified) which was dissolved in 0.12% ammonium hydroxide. Vehicle controls
were 1ncluded.

The animals were observed daily for clinical signs of toxicity. Body-
weight, food consumption, water intake, colonic temperature, urinary volume,
urinary glucose, protein output, and urinary pH were determined also each day.

Following death or sacrifice, gross pathologic changes were noted, organ
weights determined, and histopathologic findings recorded. Mean differences
from controls were analyzed by the t test for statistical significance., The
results are summarized below and in Acute Toxicity Table 2. (See original
article for clinical and histopathologic details).

The MID of casein (certified), 30,000 mg/kg BW, killed 30% of the rats
in 30 minutes to 14 hours. Death was caused by aspiration asphyxia or by
gastric rupture!

The MLD of vitamin~free and high-protein casein was found to be 37,500
mg/kg BW, Death was caused by gastric rupture. Survivors exhibited weight
loss, anorexia, diuresis, proteinuria, aciduria, and listlessness.

The authors estimated that casein has an LD_. of well over 1,000,000

mg/kg BW. They stated that the ability to survige large amounts of

"natural® casein (certified, high-protein, or vitamin-free) appears to be

limited mainly by the inability of the stomach to accomodate the large bulk.
The MLD of sodium caseinate was 75,000 mg/kg BW which killed 2 of 10 rats

within 24 hours. Death was preceded by marked weight loss, anorexia,

diuresis, proteinuria, alkaline urine, diarrhea, hypothermia, and listlessness.

8
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Table 2
Acute Toxicity Table
(by substance or constituent thereof)
SUBSTANCE ANTMAL SEX & No. ROUTE DOSAGE MEASUREMENT Ref.
(Species) Mor F) (p.0., i.v., s.C., ng/ke (LD50, ED5D Bidbliogr.
i.p., i.m., other) body wt. or other) No.
Casein (Certified) Rats 20 males P-0. 30,000 MLD Boyd (D180
(Wistar)
Casein (High Protein) Rats 20 males PeD. 37,500 MLD Boyd {(01BO;
(Wistar)
Casein (Vitamin-free) Rats 29 males P.0O. 37,300 MLD Boyd {0180
(Viistar)
Sodium Caseinate Rats 10 males P.0. 75,000 MLD Boyd (0180
(Wistar)
Calcium Caseinate Rats 10 males P.0. 75,000 MLD Boyd (0180
(Wistar)




Twenty four hours after the last injection, the animals were sacrificed and

N
: studied grosely and histologically, The dats are presented in Tables 3 and 4.
Table 3
Hepatic and Splenic Amyloidosisw (0676)
. . Organ wrights t Incidence of
Mawit ety g _Uibehwel)___smlores
v oreted fmgm) biled (km}) Taver Splees Liver  Splmp
N inpstn (5) aad 1 Hexiq SEFCH ey Teal] -
Bubsrtanenus njectiong
Nallf@ 15) - 14 ¥RTor K7Eo4d oyrkeoly  — -
LY ] - -3} JotcBy sidedy eygyrocty - -
" l4) -~ 3B y4xeid Fexay @3 X Ooss haed -
* ) — 354} §ETO] S3Eei6 ejetood  — -
"o e - §¢ yi1xoefy FEXEI epTey - —
s (8 - 9 41:o0bf SyEtehy e Toolyy -
{awin (%) 338 14 prEelh g9teyq eyyxooyy -—
"ooy) 337388 1.3 1B8toy  syxoy  a4i ool -— —
® () ¢%0 1] t1£a8e baxedr A9 Exood —_ 4/6
# (8) FEL] M o — — 6/8 8/3
L § 7Y oo 75 35-41 T LI 6o*aly osqraoly /14 W/
oy 4 5 37+ 134 r3Ite9q obyroosy B/ 66
* () pist 7 1608y Boxo48 oJixoony /6 6/6
Carcin .
Hydraly-ute (5, toa 38 asto§ fFOxoe§ piIgtaody —_
* ) 530 4t 49T 158 53X 009 044 L pcBy — —
N " {3) 1320 [-}] ChE1.79 s3ke3l 63§ tool — —
(ielatin (5) ) i1 }iLald 541031 Ql0kooy - —
v (g) 70 41 431126 gO6xal) Q37 Fa0ls — -—
— LA 110 63 41%091 58+ 03 041 Toacqyl -— -—
oy 1 35 Soxwdl sOkogr o4skoely —
Intraperitoneal injections
NubhC() (4) - 3548 33te36 sikor  e3ikooq — -—
Y (4 — i  44F17 s6tost @41toosa  — -—
Casein (5) iow kT pit108 fHyto44 o04xfo03 4/ 5/
" {4) 340 44 1906y §Stagq o44tooy /4 4/4
Camin
Hydralysate (§) 1340 63 tates  Ss9teig oibtool — —
Livlatin () 1320 (1] §3E 134 S4xcay e33Xooly -— -_
* Mite ar:':r—l—:laily injeehions (caein, casen hydrols sate and gelatin) § days a week for varying
perivds of time. All mice hilled 24 hours siter last injection,
1 Al weght values represent mieans with standard deviations.
§ Numbcr of animals in parcnshesis.
Table 4
Incidence of Hepatic and Splenic Amyloidosis* (0676)
Amount lncidrqcr f:f
Number of Injected Day . _amloide i
mice (mgm) killed Viver Spleen
'/-\ s 500 12 a/s 5’3
5 648 29 5/ 58

* Mice given dail injections of cascin y consecutive days a weck for 3 and 4 w ecks, and
killed 24 houss after the last wnjection.
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Although gelatin and casein hydrolysate failed to cause amyloidosis in
contrast to casein, the author pointed out that involvement of an immune
mechaniem in the disease was hy no means cleay, In addition to the occurrence
of spontaneous amyloldosis in several mpecies, its induction hy such diverse
substances as phenol, turpentine, cholesterol, vitamin C deficiency, and
goitrogens, further complicates the gubject of mechanisma,

3, BRanlov et al. (1207) tranaferred isotopically~-labelled (H3) spleen
cells from mice hyperimmunized with casein i,v. to normal syngenic mice
subsequently treated with nitrogen mustard in an effort to determine the route
of migration of the donor cells and their ppassihle relation to amyloid deposits
in the resultant amyloidosis,

A spleen cell suapenslon cantaining 108 cells/0,5 ml, from pooled
spleens of 12 inbred C3H mice which had heen immunized with 17 daily s.c.
injections of 0,5 ml of a 3% sodium caseirate solution and two injections of
0,5 miecrocurie of u3~thymidine. was prepared, Twenty-six normal syngenic
mice were then given 1081abelle4 nucleated spleen cella i.v. Six animals
that died within 15 minutes of the injection conatituted the Group Q, The
remaining 20 mice were given an injection of 0,05 mg of nitrogen mustard
(Erasol R), Five mice were then sacrificed after 1, 2, 3, and 4 daya and
studied histologically and radiographically,

All recipient mice developed aplenic amylaidosis one ta four days
after tranafer of labelled spleen cells from the casein-immunized donor mice,
Autoradiographic determinations indicated that the major part of the
hyperimmunized donor spleen cells apparently migrated to the perifollicular
regiona of the recipient aspleen within 2-3 days., The appearance of danor
spleen cells coincided with amyleid deposits in the same region, Amyloid
deposition was found only in the spleen,

4. Stora et al. (1401) investigated the effect of Bacillus cereus
on the production of experimental anyleoidosis in the mouse by casein and

sodiym caseinate., The study was prompted by the discovery aof the organism
in several lots of commercial purified casein (Hammersten),

Swiss mice, 5 weeka of age, 26 to 50 per group, were injected s.c, with
0,3 ml of sterilized or non-sterilized 10% casein or sodium caseinate five
times each week. A total of 12 casein and 40 sodium caseinate injections
were given, Equal numbers of non-treated control animals were also included

12



in each experiment, Terramycin (50 mg/kg BW) was administered to the control
and test mice to prevent bacterial infections.

None of the animals injected with sterile sodium caseinate or azo-casein
showed any evidence of amyloidosis., Non-sterile sodium caseinate, however,
caused diffuse splenic amyloidosis in 22 of 26 animals injected, and 15 of
these showed hepatic amyloidosis also. Only 5 of 20 animals survived the
non-sterile azo-casein injection; all had typical diffuse amyloidosis. The
authors discussed the probable mechanism of the Bacillus cereus effect.

B. Rats

Louhija et al. (0900) injected s.c. 17 male Sprague-Dawley rats weighing
175 to 265 g every third day for 5 months with 3 ml of a 3-3.5% casein
solution. Twelve control animals were injected in like manner with 0.9%
sodium chloride solution, Blood samples were collected prior to injections,
and after 1, 2 1/2, and 5 months. All aniwals were sacrificed at the end of the
5th month and the heart, spleen, and kidneys studied histologically. Sialic
acid and electrophoretic distribution of protein-bound carbohydrates were
determined on the blood specimens.

All organs were found to be negative for amyloidosis, thus confirming
previous evidence that the rat is insusceptible to this disorder. Casein
treatment caused a significant increase in the serum sialic acid concentration
up to one month, followed by a gradual decline to control values by the fifth
month in spite of continuous administration of casein. An elevation of
glycoprotein in the @i-, ®2-, and particularly in the B-globulin, fractions
was found also, The relationship between amyloidosis and hyperproteinemia
was discussed.

C. Hamsters

Irwin et al. (0656) studied the influence of low and normal casein diets

on amyloidosis induced by Leishmania donovani infection in hamsters. The

authors pointed out that several chronic diseases like leprosy, tuberculosis,
and rheumatoid arthritis, predispose patients to amyloidosis. Moreover,
since the disease is much more prevalent in American leprosy patients than
in Mexican sufferers, a dietary factor has been postulated.

Sixty-two male Golden hamsters, 4 months of age, were inoculated i.v.

with a dose of Leighmania donovani containing approximately 5 parasites,

Thirty-five inoculated animals were then placed on a low casein diet (8%) and

13



the remaining 27 on a normal casein diet (27%). Seven uninfected animals
were included as controls on each diet,

Several hamaters from each group, selected at random, were sacrificed
at 8, 20, and 28 weeks post-inoculation, The remainder were allowed to die
of the infection, All animals were autopsied and spleen, liver, kidneys,
adrenals, heart, and gastro-intestinal tract examined grossly and
microscopically for evidence of infection and amyloid deposits.

Seventy-five per cent of the animals on the normal casein diet developed
amyloidosis with extensive deposits in liver, spleen, adrenals, and kidneys.
Hamsters on the low casein diet, on the other hand, showed a lower incidence
of amyloidosis (P<0,001) with delay in appearance of amyloid deposits,

There was little correlation, however, between the concentration of parasites
in the spleen and the presence of amyloid.

D. Rabbits

Cohen et al. (0259) determined the incidence and histopathology of
casein-induced amyloidosis in the rabbit. Thirty-four New Zealand white
female rabbits were injected s.c. with 5 ml portions of sodium caseinate
(10% aqueous) twice weekly over a period of 12 months. A group of 8
untreated animals were included as controls. The diet consisted of Purina
Rabbit Chow (15% protein) with water ad libitum.

Animals were sacrificed at monthly intervals and examined for amyloid
development by several standard procedures to determine the sequence of
tissue alteratiaons and degree of organ involvement (See original article for
details). The incidence and extent of the disease in the casein-treated animals
is presented in Table 5, No evidence of the condition was detected in any of
the untreated control animals.

The earliest site of amyloid deposition was the spleen. All animals
glven casein injections for 4 months or more showed deposits. Although the
extent of involvement was variable, the spleen of some animals showed over
50% replacement with amyloid. Kidney involvement was invariable after 5
months with deposits primarily glomerular in location. The degree of amyloid
involvement here, too, varied from animal to animal. Liver involvement was
not marked; replacement never exceeded 50% of the organ.

The authors pointed out that the overall distribution in casein-induced
anyloidosis in the rabbit was parenchymal, and thus resembled the so-called
"secondary" amyloidosis in man.

14



Table 5

Incidence and Extent of Casein-Induced
Amyloidosis in 42 Rabbits Examined
at Monthly Intervals* (0259)
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* The first 8 rabbits are controls.
t All time intervals adjusted to the near-
est month.

$ Graded as follows:.
o ==no amyloid
14 2= to 3¢ per cent replacement

of the organ

24 =226 to so per cent replacement
3+ = 51 to 78 per cent replacement
4+ =76 to 100 per cent replacement
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Kidney Damage

High concentrations of dietary casein have caused glomerular and tubular
renal damage in a relatively short period of time in experimental animals, in
addition to amyloidosis where relatively long exposures are usually required.

A, Mice

Nayak et al. (1068) studied the effect of low, intermediate, and high
protein (casein) diets on the liver and kidneys in mice. Mice of three
different strains were used in the overall study but all of the pertinent
results were obtained with the C3H line, Males, or mixed males and females,
approximately 8 weeks old, in groups of 6 or 10, were placed on either a high
protein diet (20% vitamin-free casein), an intermediate diet (12% vitamin-free
casein), or a low protein diet (4% vitamin-free casein), for a period of 100
days. Control mice were fed Purina Laboratory Chow. At the conclusion of the
experimental period, the animals were gsacrificed and the vital organs studied
grossly and microscopically.

A moderate degree of renal tubular degeneration and necrosis was found
in C3H mice on the high casein (20%) diet but not in the Hauschka strain.
Amyloidosis was observed in CFW and Hauschka lines. Periportal fatty changes
and mild cytological alterations were detected in the liver, but there was no
evidence of fibrosis or cirrhosis,

B. Rats

1. Lalich et al. (0832) investigated the effect of dietary protein
overload with casein, peanut meal, or soybean meal, on renal glomerulo-
sclerosis in partially-nephrectomized rats.

Male Sprague-Dawley rats weighing 100-110 g were partially nephrectomized
(left kidney, and in some instances, part of the right organ) and placed on a
commercial diet (25%) supplemented with 200 g/kg of crude casein, soybean meal,
or peanut meal for a period of 151-254 days. Non-nephrectomized animals and
basal diet controls were included also. The animals were observed for toxic
signs and weight changes throughout the feeding period. At the end of the
treatment, all animals were sacrificed and the kidneys removed, weighed, and
subjected to a detalled histopathologic study.

The authors pointed out that their findings supported previous observa-
tions that excess protein in the diet induced degeneration of the plomeruli

and tubules in the rat kidney. The severity of the protein nephropathy seemed
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to be related to the nature of the protein overload; soybean meal caused the
greatest amount of damage,

2, Hay et al. (0564) investigated the effect of diet on nephrosclerosis
in rats induced by lyophilized anterior pituitary extract (L.A,P,) '

Groups of ten castrated, partially-nephrectomized, male piebald rats,
welghing 40 to 60 g, were placed on test diets 1 or 2 (See Table 6) and
injected daily with 25 mg of L.A.P, for 21 days, Food consumption and water
intake were determined during the experimental period. At autopsy, the fixed
adrenals and kidneys were weighed and the incidence and severity of
nephrosclerosis diagnosed histopathologically,

A similar experiment was conducted also to determine the effect of
substituting various proteins (gelatin, lactalbumin, zein, egg albumin, and
gluten) for casein in the test dlet,

The results obtained indicated that under the experimental conditions of
the study, nephrosclerosis developed only in those rats consuming diets
containing 30% or more of casein, or 15% casein plus 15% of one of the other
proteins tested., Casein, egg albumin, and wheat gluten, appeared to have a
greater effect than lactalbumin, zein, or gelatin. A normal supply of vitamins
had no protective effect agailnat the high casein diet, No lesions were

observed in any of the rats on diets containing only 15% casein.
Blood Changes

The influence of casein on blood components and on the blood-forming
tissues has been the subject of numerous studiea both in man and experimental
animalsg,

A. Rats

1. Kornberg et al. (0779) studied the effect of casein and L. casei
factor (L.C.F.) alone, and in combination, on anemia and granulocytopenia in
rats.

Weanling Osborne-Mendel albino rats (other specifications not given),
eight per group, were placed on a protein-free diet with and without L.C.F.,
in parallel with an 18% casein dilet (See Table 7)., Total white blood cell
counts, polymorphoﬁuclear granulocyte counts, and hematocrit determinations
were made over a 28~day period, The results are presented in Table 7,

In a second experiment, rats with experimental granulocytopenia and
anemia were treated with casein and L.C.F., alone, and combined, in an effort

to correct the condition. These results are shown in Table 8.
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Table 6

Composition of Two Basic Synthetic Diets (0564)
Diet No.
1 | 2
Composition, 5
Cornstarch v 5S¢ 69
Casein® 30 15
Fai** i 1
Cad liver oil *** ‘ 1 |
Bulkt 1 1
Sodium chloride #f 4 4
Mineral mixture} 4 4
Water Ht S 5
Supplements, mgm. per 100 gm. of dicls
Thiamine hydrochloridet} n.4
Riboflavini} ’ 0.4
Pyridoxing} .4
Calcium pantothenate}} 2.0
Nicatinic acid$} i 1.0
a-Tocopheral acetate}$ About 10 mgm. per rat once weekly introduced by

dropper into mouth

* Nof vitamin-free. 1 was considered that this would supply the choline requirement.
** Crisco, Domestic Shoriening, ar Primex,
*+* Ingram and Bell.
{ Agar agar, acacia, or “Cellu-flour”. When agar became unavailable we used acacia
until Cellu-Rour could be obtained. No difference was seen between them.
{1 This was added 1o the dict to sensitize the rals to the nephrosclerotic activity of L.1.P,
instead of giving it in the drinking waler. ’

ttt The starch and casein in the first lot of dicts was found lo conlain an amount of waler
correspanding la 55 of the diet. On the dry weight basis these diets contuin 31.6 and
15 .80 protein, resprclively.  Subsequently the waler conlent of the sturch and casein
was determined and the amount weighed out calculaled to give 54% or 69V slarch and
30 or 15 casein by dry weight.

t Slightly modified mixture recommended by Steenbock and Nelson (52).

Na(l 24.4 gm.
MgSOy . 7{10 24.6 pgm.
Na PO, 4.2 gm.
K HIPPO, av. A gm.
Cabli?0y . 211,0) NN pm,
Ca-lactate , S11.,1) 5.4 gm.
Fe-citrale 1.2 gm.
KiI 016 g,

13 Kindly supplied by Hoflnian-1.n Ko he,
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Table 7
Granulocytopenia and Anemia in Rats Fed Protein-Free
Diets and Prevention with Casein (0779)
LT ) Co ‘, - Na.of )
e R e
Graup® . L Diet o~ 1}‘1':3’ gr‘:nulo- with
! . v cyto- anemiad
RS penm:
A Oper conrcasein ii.. B B 6§
e t ocagela-—20y
B 0pep gt coen—ony 1
¢ {S pe;eﬁegtugﬂg::l; “E::._*B ] 3 . 0
D 18 per cent casein ...... B’ 0 [

+ *The 4 gronps were equal with respect to sex, litter, and
:"ﬁ t d&s{rlbutiua. Food jatake was ad libitum In geoups
. 8, A ).
t This eryaceline fermentation prodnet (2} wa3 adaig-
fsterad by pipette to each rat from tae oulset of the expari-
Qent. .

n
Nnted within 28 days. N .
4 The rats which falled to deveiop anemia dled after 10 to

3 dayu. .
Table 8
Treatment of Granulocytopenia (0779)
Poly. grinulo-
cytes per cu.
o __'mm. {avernge)
Treatment E-‘;_‘ o 2 S
~oQ ) o
- -~ vy
] © 9 %3 [ E
R LHa 23 ~a
<8 £c9 o o2
“E zBd & <5
A A L 8 2 350 50
C.4.1--200 ¥ subcatapeously 2 Q O I 1
L-w) ¥ + L.C.F. cone. o 3 “30
YV oeererncnciorinanns 3
u diets—18 per ceat or o o 4 i
o 2G| AR, et
St —100 ¢ + [LC.F. con~t nr °
——..tu 7 +caseia dict—13 per 3 3
[ LN PN X 2
l..(‘.';‘!'.'—ll)‘l 7 + cascln dist— s 83 4833
PECCONE o v nnneasn 5 256 3,000
1.CF 3100 < + amive acil * ’ o
[HTEN {17 SN senenres. B G 1T 2,431

® Ceystallize fermantition L.CF. (2) or synthetic L.C.F
(Stoksrad). No dilerencey were obsecvel between tha active
ity of ths tvo 2ihstunces (n thess experitnenty.
*gry:n{mn.e.re‘r‘c‘:.e%t:xtinn [.(;ﬁ (2). ;
ontalued ig 0.038 geaums of lHver conceateate. H
Synthetie L.C.F. (Stohstad). !

+
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Severe granulocytopenia and anemia developed in rats on a protein-free
diet. Casein at a level of 18% in the diet was very effective in preventing
these dyscrasies but was incapable of effecting a cure after the condition
had become established (Tables 7 and B8). L. casel factor was ineffective as
a preventative or therapeutic agent, A combination of L.C.F. (50y) and 18%
casein, however, was highly effective in correcting hoth the anemia and
granulocytopenia (Table 8),

2. Pearson et al, (1140) {investigated the effect of casein and eight
other proteins on the rate of hemoglobin regeneration in nutritional anemia
in the rat.

Young ratas (specifications not given) which had been made severely
anemic (hemoglobin 3-4 g/100 ml blood) by an exclusive milk diet were then
placed on test diets containing various proteins at a level of 17.5%
approximately (See Table 9) and the effect on body weight and hemoglobin
formation determined., Seven to ten rats were employed per group. The results
obtained are presented in Tables 10 and 11.

Casein, liver, egg albumin, soybean oil meal, and rat blood were equally
effective in building hemoglobin. Anemic rats on diets containing these
proteins showed normal hemoglobin values within eight days (Tables 10 and 11).

Gelatin and gliadin were the least effective proteins tested in inducing
hemoglobin regeneration. Corn gluten meal and wheat gluten were intermediate
between the other two groups in effect on growth as well as on hemoglobin

formation.

Table 9

Percentage Composition of Diets (1140)

}

Dt Nivoo e iiiiqaaniannananaes 10-P -r ‘ 1o-P m-p i n-p ur-p : 1s-p ug-r 120-p 121-p 122-p 133-P

%0 1530 |03 |70
91 2

Dextrin ....o..oeriniene 760 (890 866 (670 (940 (760 |760 | 520

Blood . ......coviiiininns ‘
Casein  .....ooieannnnnon- 180 50 l : i
Corn gluten meal.......... l
Egg albumin ............ . : \ ‘ 180
Gelatin. ......coovivienenes i
Gliadin. ........... e i 180

Soy bean oil meal......... . ! 420

Whest gluten. ............. ! |

A g g
“w | oo
N
ceD
b
At gut b
[ Y

w| oo

!
|
j
i
3

-3 D il
(=3RS — 1% =5 =]
—
o

—
-
—
-3

< Phillips snd Hart (9).
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Table 10

Effect of Various Proteins

on Hemoglobin Formation and Body Weight (1140)
No. of Hb, gm. per 100 ml. blood Weight, gm.
Proten Diet No. - ;
i AR A I I o B L A I o B e
Casein ................... 100-P 10 3190738 1115/ 11961210 48.8 | 65.1 | 74.2 81.4 096.4
Low casein . ... ..... 101-P 7 343 | 6.5 ; 9681114811183} 493 | 820  &i1 557 55 7
Liver ........... .vo....| 111-P 10 33 | 765 ;11.87 12311250 538 | 640 | 775 | 900 {1021
Low liver . . ..... _ ..] 1o-P 7 ‘ 3.31 58 ' geBl1012(11.05 554 @ 560 56 7 | 58.0 56.1
Egg slbumin.. .. ..... T usp | 10 366 )72 11120 1166|1201l 560! 707 87! 9161057
Soy bean oil meal .. ... 119-P 10 346 | 7.72 ' 0811541191 535 689 [ 785 | 872 95 8
Blood............... RO B U< B 8 3562 | 799 ! nelwesrii12i3i 485 546 | 594 | 664 72.2
Corn gluten meal ... ... { 121-P 10 360 {669 ;1005|1081 ]11.25 5021 5341 553 i 58 8 60 .6
Wheat gluten ...... .. .| 122-P 10 360 | 640 9371142311171 477 1 581.0 | 529 ¢ 53.2 0
Glisdin...... ... ......| U7-P 7 324 | 6.5t 815102711038 51.6 l\ 506 | 497 493 47.7
Gelatin . ....... ...... .. 120-P 7 1348 {595 709| 95 1040 526 513 ) 461 l 50| 423
No protein... .. . .. . . 112-P 7 3 41 |605‘ 8.05 9.13' 9 56 597i54.4 4915467’ 43 8
Table 11
Average (ain in Hemoglobin Values
and Change in Weight over 8 Day Period (1140)
1ib per 100 m]. blood
Protein Dist No. | — — - = e = 1 Weight
Mean + o° Range
» am. gm. am.

Casein. .. ..o 100-P | 7.96 £ 024 | 6.8-9.54 25 4

low casein. . ........ 101-P | 6.25 £ 046 | 4.51- 7 82 48

Liver .. ... 111-P | 8.57 - 0.41 | 802 1001 23.7

bow biver ... 110-P | 5.36 + 024 ] 4.52-6.15 13

Veg albumin ... 1UB-P | 760 038} 5931019 27.7

Ruy beap oil meal. ... 19-P | 738 £ 025 ) 6.41-915 -25 0

Bood ... ... .. 123-P { 808 £ 0.4 6 73-10 12 10.9

Corn gluten meal.. ... | 120-P [ 6 36 £ 0.23 Hh.23- 7.53 51

Wheat gluten ... .....| 122-P | 577 017 | 5016 6] 52

Ghadin, . .. ..o N7-P | 491 £022 | 405-575 -190

Gelsum . o e a2 2019 323627 -6 5

Ro protein ... . ... 12-P | 16038 361-8.20 | —-106

¢ ¢ represents the standard error of the menn.

21



~ 3. Damodaran et al. (0283) also determined the relative efficiency of
- | casein, egg albuain, and wheat gluten on hemoglobin formation in rats suffering
from experimental anemia,
Three groups of young rats, 90-95 g BW, were placed on a basal diet of 75%
—
starch, 8% butter fat, 8% asugar, 4% salt mixture (Steenbock's #40 with a small
quantity of copper sulfate) and 5% protein (casein, egg albumin, or wheat
- gluten). Yeast and shark-liver oil were given twice weekly to supply the
necessary vitamins. The animals were then made anemic by injection of
— phenylhydrazine., The condition was followed by red blood cell counts and
hemoglobin deteyminations made every four days over a period of 3 to 4 weeks.
— The data are preasented in Table 12.
Casein and egg albumin were very efficient in blood regeneration bringing
about restoration of normal ved blood cell counts and hemoglobin concentrations
_—
within 15 days, Wheat gluten was inferior in this respect, 25 days being
required for restorvation of normal values.
—
Table 12
o e— s
Effect of Casein, Egg Albumin and
- Wheat Gluten on Hemoglobin Formation (0283)
-
l Gr. § Casein ! Gr. 2 Wheat gluten ! Gr. 3 Vg albumin
~- RS UV - - e e o [ —— - e - . . e m—— S
l Prays o Phays a Puys o
e ineease R incrense ine |'é:;,"
-— | e 12 4 12 4 12
RUBC. i wdtions  TuTen oV Tumos | meas | 4-15 | s6-s7 | seas | 517 | qeess
! rays o ( . Days o, Days
- ‘ imr'ce.'\xe e e in«'l"t::lsn e s H inﬁ‘r/:,,»,a
1w L 5 13
Tamogatis gw. | o0 Timaz | o1z | 916 | 1241 | 4578 | 008 | 142 | o
pwMRee, 4 VT T s o S
- R.B.Co hemoglobin
Stadard e of ditference hetween Grs. 1 oand 2 . 3117 2.79
@0, da. dao. do. Grs. 2 and 3 . 2-38 i-10
p—
N
—
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4. McGlory et 1. ‘0973) igolated the pressor material "pepsitensin'
in highly purified form following pepsin digestion of vitamin-free casein and
studied its chemiecal nature and hypertensive properties in rats. The substance
was found to be a polypeptide or mixture of polypeptides and produced a graded
pressor response comparable to dosage increase, Pepsitensin caused the maximal
blood preasure possible without exhibiting tachyphylaxis.

B. lumans

1. Hatelson et al. (1066) studied the effect of non-casein protein to
casein ratijos of feeding formulas on the levels of certain blood constituents
in infants during the first month of life,

Three groups of healthy infants (equally matched as to sex and weight),
fifteen per group, were placed on the following diets: (A) Non-casein protein
to casein, 3:2, (B) Breast-fed, and (C) Non-casein protein to casein, 1:8.
(The protein content of the formulas was 2.1 as compared with 0.8-1.31% for
the breast milk), The following clinical determinations were made at intervals
over a period of 30 days: hematocrit, pH, plasma sodium, potassium, chloride,
carbon dioxide, sugar, urea, protein, calcium, and phosphorus.

In this study, the non-casein proteins of cow's milk were more
efficiently utilized in building plasma protein than casein. The differences
in hematocrit values were not great, however, and there was no significant
difference in welght gain among the three groups.

2, Vartiainen et al. (1493) determined the effect of casein on
circulating eosinophils, blood sugar, and blood pressure in healthy human
subjects.

One group of volunteers (males), 20-23 years of age, 63-82 kg BW, were
given vitamin-free casein (Merck) at a level of 0.6 g protein/kg BW; a second
group of like number and specifications were given gelatin (Burr bacteriologic
grade) at the same level; both groups had been fasted overnight. The subjects
were then confined to bed, and blood pressure, blood sugar, and the number of
circulating eosinophils determined at 2-hour intervals.

Casein at the level used caused a marked decrease in the number of
circulating cosinophils in comparison with the gelatin control preparation.
Blood pressure and blood sugar were unaffected by either preparation. |

3. Bazzano et al, (0115) studied the influence of casein, lactalbumin,

beef protein, and casein fortified with cystine, on the serum lipids and
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lipoproteins of human volunteers,

Six healthy vormolipemic male university students, 20-25 years of age,
were placed an one or more of the various test or control diets used (See
original article fer detailed diet tables). The experimental period of 10 weeks
was divided inte a control phase, followed by one or more experimental phases,
and a return to the control phase again at the end of the study. Serum lipids
(cholesterol, phosphiolipids, triglycerides) were measured twice weekly, and
serum lipoprotein (8-1ipoprotein) once each week, throughout the investigation.
The results are presented in Tables 13 and 14.

The authors poisnted out that although the results obtained definitely
indicated the hypocholesterolemic effect of casein when used as the sole
source of protein, previous dietary studies indicated a much greater effect
in this vespect, They reported that in several experiments where casein was
used in place of beef protein, the drop in serum cholesterol was of the order
of 40 mg%,

Table 13
Serum Lipids During Various Dietary Regimens (0115)

Casee Cascc Forla Milk-Beefl
Suhjccl 1 C FCH Formula € Cystine I'ormuld FCD
\\crm:c ume f(hw) 2 21 18 17 i4
Cholesterol Gay ! 1) $528 4 9.} 146 & 7.7 137+ 9.9 141 4. 3 8 145 &= 4 7
Phospholipids (ms, ) 186+ 52 179 + 12 6 170 4: 10 3 162 = 7 .4 153 4 1 8
Triglyecevides (mg 75 ) M+ 93 63+ 76 67 4 2.5 83 2 14.7 G4 + 81
8-Lipoproteins
Se0-12 fm ) le 4+ 36 2 200 :4: 16 5 213 .2 229 204 4 17 2 233 & 25 %
Sy 12-20 (g ¢)) 74+ 36 134 7.6 16 & 7.5 144 2.0 134 12
S 20- 100 (g ‘;) ?" + 15 6 4+ 7.5 45 £ 16.4 44 4- 11 0 41 4 14 4
S; 100- 300 Hine ) )+ 4.2 94 0.4 5S4 1.2 8+ 2.0 104 1.5
Toral 12-4060 mlq ) 4‘ +: 22 .0 634 3.7 67 4215 66 4= 9.5 64 4 15 4
Toral 0- 400 Gug <, 3 27‘> i 47 S 259 + 15.5 279 4: 27 2 270 £ 19 3 365 4 93 3
'Auragt & standerd deviation . 0.
Table 14
Serum Lipids During Various Dietary Regimens (0115)
Cacer Casec Fue
Suluul LM yCH lmn ula & Cystine Atbuniin FOD
-\u 1age tine l(hbs) 33 23 2 21 2y
Chaolesterol Qg ¢ Y 1 99 135 + 20.1 13 + 5 2 1?() - 5 8 174 = 7 5
Phospholipids lxm, R 218 4. 11 0 192 £+ 15 8 180 & 9.5 117 10 2 211 4 323
Triglycerides (g 400 ) 713 101 £ 155 83 4 215§ B4 4+ 15.0 87 4 6 5
ﬂ Ln POprote ms . ) B o
‘) 12 ing €0) 246421 .2 245 4: 58 .4 181 2= 2.1 205 4: 44 3 251 4: 30 0
S,12 ZO(mQ‘ ) 94 306 174 7.3 9+ 4.2 124 7.2 224 092
$ 20100 (ing “ e 0% 8.6 75 £ 13.5 42 + 35 59 4= 20 62 4219 9
&Hmamhm“d Y4 4.4 8+ 2.1 123 57 124 5.3 Bod 24
Total 12-400 fmg 57 ) 57T + 129 101 4 20.8 63 £ 13.4 By 7.2 92 & 3(‘1).3
TOHIO—-%UI)(N:(;'.) 303 4:27 4 146:t61.8 245 = 15.6 288 3= 51.1 3383:(): 5

v A\cuge * wmdnd dt\nm 2 (b n )-
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Eye Damage

Several investigators have studied the effect of caseins of varying
degrees of purity om cataract formation and other forms of eye damage in
experimental animals,

A, Bais

1. Kamath et al, (0704) placed vitamin A-depleted rats (young, weanling
Wiatat.lales) on test diets containing 10, 20, or 40% protein as casein
supplemented with either carotene or retinyl acetate (See Table 15). Eight to ten
animals were used per group over an experimental period of 28 days. Weight
changes and retinol content of liver and spleen were determined. The results
are presented in Table 15.

A significant Increase in hepatic retinol each week in parallel with
increase in protein (casein) from 10 to 20% was found. Increasing the protein
dietary content to 40X also increased liver retinol but not as rapidly as the
change fron 10 to 20% casein. Utilization of carotene was found to be linearly
dependent on dietary protein. Protein deficiency reduced utilization of the
higher levels of rvetinyl acetate but had no effect on the lower levels.

2. Day et al. (0299) demonstrated the need for rigorous purification
of casein preparations to obtain valid results in nutritional studies.

Rats, 21 days of age (other specifications not given) were placed on a
basic experimental riboflavin-deficient (cataract-producing) diet #625 (casein,
18%; cod liver oil, 2%; butterfat, 8%; Osborne & Mendel salt mixture, 47%;
cornstarch, 68%), Seven different casein preparations were employed in the
study.

The following criteria were used in assessing the purity of the caseins
used: (1) Incidence of cataracts; (2) average time of appearance of cataracts;
(3) average maximum growth; (4) average time required to reach maximum weight;
(5) average period of survival.

The results presented in Table 16 and Fig. 1 clearly indicate marked
differences in response of the animals according to several of the criteria
which ave related to ribaflavin impurities.

B. Kittens

Scott et al. (1334) placed fifteen kittens (specifications not mentioned)
on a seml-purified diet containing vitamin-free casein with, and without,

vitamin A supplements and determined the effects on eyes and retinas (See

Table 171).
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Table 15

Mean Values of Body Weight Gains, Hepatic and Renal Retinol Deposits
in Young, Vitamin A-Depleted Rats Fed Vitamin A-Supplemented Diets for 28 Days (0704)

Retinol deposits per oxrgan

Duse Casein

Supple- prowcin Number  Body Hepatic Efficiency
ment Retinol in of weight pius ., of
Bevel equev./day diet rats Rain Hepatic Renal renal utilization ¢
. % ] 14 (] ug %
Carotene Adequate 20 10 10 64 36+ 91 36+3 72+ 8 13=2
20 10 85 91+ 12 26+ 3 116 = 10 21=2
40 10 94 170+ 10 20*4 190> 10 M2
Moderately 69 10 9 66 215+ 31 232 238+ 29 13=2
tgh 20 10 83 510+ 38 17=3 528+ 3623 232
40 9 97 557+ 56 12+-2 569+ 532 32+3
sligh 1682 10 8 65 645+ 51 28+3 673+ 48 131
20 9 85 1068 x €0 162 1085%= 55 21=1
40 S 103 1373 = 83 11+2 1384 78 26+2
Retinyl Adequate 5 10 9 66 196 = 20 2353 221+ 18% =3
acetate 20 9 87 181+ 9 20+ 2 201+ 10°? 29 =12
40 10 93 218+ 11 17*2 235> 11°* H=2
Modegiitely 7 10 9 68 740 96 173 758 + 90 371
high \ 20 10 91 1054 + 54 13*4 1067+ 51« 51«3
40 10 96 1100t 40 12x2 1112 > 38¢ 53+2
" Wigh 214 10 10 70 2834 » 174 254 2859 + 164 483
20 10 89 3781 = 8BS 173 3801 861 632
40 10 85 3796 118 142 350801174 6&4>2
F values
Source of variation
A bLevel of dietagy protein (2) 4 187.9 **3% | 78.4 ¢+ ¢
N B. Level of vitamip A duse (2) 1708.2 **

7.9

19

€ Seurce ui supplement (1) 1.3 8814 **
AR Interaction (4) 04 9.1¢%*
BC Interaction (2) 0.4 208.1 **
AC. Interaction (2) 36* 4.1*

tlepatic + g nal retino] deposits in ug retinol equivalent

i) S ciene i - —— E .
Efficiency of nalization Total duse fed fog 28 days in ag retinol ‘equivale at x 100
3+ M

3 Means with s.ame superscripl for a aven Vitemin A intake are not significantly different (P > 008 1est?
4 Degrees of l'n'edum m 4) arenthoses,
see PO, P

 Performyd nn ave -a a( squars raas af dets for hepaiic plus renal retinold.

Eves were examined vegularly with an ophthalmascope in addition to other
observations for toxic effects. Vitamin A estimations on diets, liver, kidneys,
and plasma were carried out. Gross and microscopic examinations were made on
eyes, retinas, and other organs at autopsy.

The authors observed that animals on the casein diet, after normal growth
for several months, developed classical signs of vitamin A deficiency in 6 to
20 months in spite of réceiving supplements of vitamin A (5000 IU Vitamin A
palmitate 3 times weekly) which were more than adequate on other test diets.

Conjunctivitis, xerosis with keratitis, vascularization of the cormea,



Table 16

Summary of data regarding growth, survival and
incidence and time of appearance of cataract

in groups of rats receiving riboflavin-deficient

diets containing different casein preparations. (0299

Av. Av.no,
Av.  mauxi-  Av.no.  daysfor
No. No. wt.at mum  daysto appearince Av.no.
of showing start  gain reach of daye
. rata cataract  g. g max. wt. cataract  survival
I.  Alcobob-extracted 15 13 411 17 3 %) 119
1L Acid-extracted 9 8 399 20 24 {H 81
i, Labea 17 12 396 16 33 f0 (L))
IV, Harris 0 8 376 16 23 52 83
V. Glaso AR 10 7 385 42 83 113 133
V1. Qlazo ABE 14 8 381 40 62 86 17
Vil Glaxo ABE extracted 5 2 358 22 43 5 101
0o T T T
I ] ] ‘ l s LA RIBOFLAVIN
o). @ - caramacr | et wethy
t ~ DEATH /,’ ]
L) e 1~~-~— ‘ Pl L — {
GLAXO
10} e g LY
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tf trfr auc. exv
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Weeks o experiment

Fig. 1 - Composite weight curves of groups of rats which received
riboflavin-deficient diets identical in all respects
except for the caseins that they contained, The numbers
on the curve indicate the number of rats in each group.
The asterisks mark the time of appearance of cataract in
individual animals, and the daggers mark the death of

FKach curve was terminated at the

point of average survival for that group; consequently,

animals showine cataract and those dying after that time
are not indicated on the chart.
the average growth of a group of rats receiving the Labco
casein diet supplemented with 30y riboflavin weekly; these

individual animals.

animals were killed at the end of 15 weeks.
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Table 17

Semi-Purified Diet Fed to Kittens (1334)

Ingradients - 8/100 g dry diet

" Casein (vitamin froe) 35

Suorose or dextrin - 38-7

Lard 10

Arachia oil, Violmul K or cooonut oil 12

Bugar heet residue 3

Salt mixture 2

Nutricoa (vitamin supplement) 1

Choline chloride 0-3

Inositol . 0-2

progressive destruction of the visual cells of the retina, and formation of
cataracts were the major toxic visual effects noted. A marked reduction in
the vitamin A content and a decrease in the liver reserve were found also.

Supplementation of the test diet with other vitamins and variation of
constituents other than casein, did not prevent the visual damage. The
authors suggested that the amino acid pattern of casein may be unsuitable
for cats.

Allergy

One of the hazards of casein to the consumer is its potential as an
allergen. Certain individuals develop a hypersensitivity to dietary casein
absorbed from the gastrointestinal tract. In one survey, 607 of milk allergic
infants and children reacted to casein (0975). Commercial casein preparations
as well as the natural form in milk, are capable of inducing hypersensitive
states. Fortunately, casein 1s not the main allergen in milk (1216).

Milk allergy usually develops during the first few months of life and
creates a serious problem in infant nutrition (0975). It vanishes early,
however, and only 2% of the patients remain allergic beyond the age of six
(0975). Hypersensitivity to casein may take any of the major forms indicated
in Table 18, Studies have indicated that the caseins of various species are
quite similar antigenically and patients allergic to one type are often

allergic to others as well.
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Table 18

- Types of Allergy to Casein  (0975)

Form Prevalence
Gastrointestinal 25-40%
Respiratory 30-45%
Atopic Dermatitis 427
Urticaria 8%
Anaphylaxis 5%

In addition to the usual allergies, hypersensitivity to casein may be
involved in more serious diseases such as steatorrhea, coeliac disease, and the
sudden infant death syndrome, according to the results of several investigations.

A. Guinea pigs

1. Ratner et al. (1216) determined the relative allergenicities of the
three major milk proteins, ®-casein, B-lactoglobulin, and ®-lactalbumin by
means of in vivo anaphylaxis tests in guinea pigs.

Three groups of ten animals each (200-250 g BW) were sensitized by
injection of a single 1 mg dose of the protein s.c.; three weeks later, the
animals were challenged with 0.1 ml of pasteurized skim milk i.v.

The results presented in Table 19 clearly show that 8-lactoglobulin is
a stronger allergen than either ®-casein or ®-lactalbumin. More rigorous
sensitization, however, as indicated in Table 20, indicates that all three
major milk proteins are capable of causing allergic reactions if exposure is
sufficient.

2. Anderson et al. (0039) demonstrated the close antigenic relationship
between cow, goat, and human casein as early as 1932 by active and passive
sensitization tests in guinea pigs.

In one series of experiments, groups of 3 to 46 guinea pigs were
sensitized by the i.p. route to cow, goat, or human casein and later challenged
i.v. with one of the heterologous preparations. Positive and negative controls

were included in each experiment. The data are given in Tables 21 and 22.
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Table 19

Allergenic Superiority of Beta-Lactoglobulin as Compared
with Alpha-Lactalbumin and Alpha-casein (1216)

Number Challenge 3

of Single Sensitiz- -Weeks - Later,
Animals ing gniecgton, 0.1 ml PSM, Iv
S - Lo g o . Result.
10 Alpha-lactalbumin . All negative
10 . Alpha-casein All nepative
10 Beta-lactoglobulin 7 ++ + +
1 + +
1 +
1 0
Table 20

Enhancement of Allergenicity of Alpha-lactalbumin and
Alpha-casein by Sensitization with Multiple Doses (1216)

Challenge 3

Number Multiple Sensitizing In- Weeks Later
of jections; 1 mg Sc + 1 0.1 ml PSM, Iv
Animals ng Ip; 2 Days
Later 1 mg Sc Result
10 Alpha-lactalbumin 4 + + + +
1 + + +
2 + +
1 +
2 0
10 Alpha-casein 3 + + + +
2 + +
4 +
1 0
10 Beta~lactoglobulin 8 ++ + +
1 +
1 0

* Abbreviations in Table:
Sc = gubcutaneously; Iv = intravenously; Ip = intraperitoneally.
PSM = pasteurized skimmed milk.
+ + + + = Anaphylactic death - dyspnea, convulsions, collapse, apnea
and death.
Severe anaphylaxis - dyspnea, convulsions, collapse and recovery.
Moderate anaphylaxis - dyspnea, convulsive movements, moderate
collapse, recovery.
+ = Mild anaphylaxis - dyspnea and scratching.
0 = No reaction.

+

+ +
+ +
[
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Table 21

Active Sensitization Studies with Cow, Goat,

and Human Casein in Guinea pigs (0039)

Sensitizing Humber Challenge Number of

casein . oot - .casein . - - allergic

Animals ' L animals

Cow 46 Human 32

Human 37 Cow 16

Goat 12 Human 9

Human 4 Goat 4

Cow 8 Goat 5

Goat 3 Cow 3

Cow - Cow Violent

Human _ Human anaphylﬁxis (100%)

Goat - Goat "

None - Cow Mo reaction

None - Human "

None 3 - Goat an

Table 22

Passive Sensitization Studies With Cow
and Human Casein in the Guinea pig (0039)

Sensitizing Number Challenge Number of

antibody of casein allergic

Animals animals
Cow 27 Human 15
Human 20 Cow 9
Cow 6 Cow 6
Human ' 4 Human 4
None 5 Human 0
None 4 Cow 0
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In the passive sensitization experiments, guinea pigs were sensitized by
the i,p. injection of anti-cow césein rabbit serum or anti-human casein rabbit
serum and later challenged i,v, with the heterologous casein. Posgitive and
negative controls were included also.

3. Ratner at al. (1216) studied the response of guinea pigs to heat-
denatured milks and milk proteins in an effort to determine the effect of
commercial processing methods on the allergenicity of milk proteins and milk
formulas. The heat~denatured milks used were the same as commercially-available
preparations which are heated before evaporation (see original article for
brands and details),

In one series of experiments, guinea piga were sensitized with pasteurized,
or other heat-treated skim milk, and challenged with purified d-casein, B-lact-
albumin, or B-lactoglobulin. In the second series of experiments, the sensi-
tizing and challenging preparations were reversed.

The data presented in Tables 23 and 24 clearly show that heat-denatured
milks still retain the allergenicity of the ®-casein fraction while having lost
all of that of the a-lactalbumin component, and much of that of the B-lacto-
globulin constituent (main allergenic milk protein),

4., The same authora (1216) later investigated the effect of heat treatment
on milk allergenicity further by using the oral route for sensitization and
challenge of guinea piga. The data are presented in Tables 25 and 26,

Two of ten animals sensitized with a-casein showed allergic effects when
challenged 21 days later with heat-denatured milk, When challenged 52 days
after sensitization, however, one of 6 animals died from anaphylactic shock
and two others showed allergic symptoms.

None of the animals sensitized with a-lactalbumin or B-lactoglobulin
showed allergic reactions on oral challenge with heat-denatured milk.
Pasteurized skim milk orally, on the other hand, sensitized about 2/3 of the
animals used to later oral challenge with the same preparation,

5. The same authors (1216) in another study investigated the allergenic
properties of raw, evaporated, and boiled milk, dried milk formulas, acidified
milk, and purified milk proteins, both orally and parenterally in guinea pigs.

Parenteral hypersensitivity tests were conducted by sensitizing the animals
by i.p. injection and giving challenge doses by the i.v. route. In oral tests,
both sensitizing and shock doses were by feeding.
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Effect of Heat Denaturation of Milk on the
Sensitizing Qualities of Alpha-lactalbumin,

Beta-lactoglobulin and Alpha-casein
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to Protein Practions from Milk

Sensitizing Jujee-

tion, § mg Bc+4-1
my dp; § Days
{ ..m. ] my S
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Heta-nctoghabulin

Atpha casein
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Table 25

Ih aull nf First Iqu-

[N L s

-PSM

P’sM

PsM

Sccond* 1 hr Later

of Heat Denaturation of Hfilk on its Allergenicity,
as 'Pested by Challenge of Animals Sensitized

(1216)
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Table 26
Enhancement of Allergenicity of Alpha-lactalbumin and

Alpha~casein by Sensitization with Multiple Doses (1216)

. , . Cha g A

Numbey '"!‘“‘.I"a N."‘"“:',"y It gy Later,
of Jections; 1 mg Se +1 01 ml PSM, Ie
Animals mg 1p; 2 Days -

’ Later 1 mg Se Result

10 Alpha-lactalbumin L A

1 + 4

2 + 4

1 +

2 0

10 Alphu-casein 3 A4

2 I, l

4 -

1 0

1] Reta-Inctoglabulin R e

i {-

i 0

* Abhrcvintions in Tuble:
B¢ = subeutaitconsly; Tvsintraveaously; Ip
s=intraperidoneadly
PSM = pastenrized shinioed malk.
44 F = Aunphylactie death
sions, eollapee, apiea sod death,
444 =8evere waaphybiedas

dyvspien, convul-

dyspuen, convul-
sions, collapse awd recovery,

b4 = Moderade nupivlaxiz
vilsive movements, moderate collupse,

dyspiust, con-
recuvery.,
4= Mild anuphiglaxis- dyspnea awl

scratehing.
0= Nu reaction.

The resulis obtained indicated that, parenterally, casein, lact-
albumin, lactoglobulin, and bovine serum globulin were highly anaphylactogenic
with respect to themselves and raw milk. Evaporation and boiling destroyed
most of the parenteral sensitizing properties of bovine serum globulin and
greatly diminished that of the lactalbumin fraction. These treatments were
without appreciable effect, however, on the sensitizing properties of casein,

Oral allergy studies demonstrated that the oral sensitizing properties of
evaporated, and boiled milk (100°C for 4 hours), were greatly diminished in
contrast to dried milk formulas. The authors pointed out that the marked
difference between parenteral and oral sensitizing properties of the milks

tested was probably due to thelr coagulation in the stomach and subsequent
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digestion which prewented ubsorption into the circulation in the unaltered
state, o

6. Saperateiw et al. (1284) tested seven commercial infant formulas for
antigenicity against purified casein (purified by ten re-precipitations), and
other milk proteins, by the precipitin ring test and the passive cutaneous
anaphylaxis test in guinea pigs.

All of the preparations tested gave antigenic reactions with purified
caseln and several other milk proteins (See Tables 27 and 28). The authors
suggested that the term “heat-denatured milks'" be abandoned as implying non-
antigenicity of the preteins in the preparations,

7. Cale et al, (0262) studied the allergenic properties of skim milk,
evaporated wmilk, a commercital milk formula, as well as purified casein,
a-lactalbumin, B-lactoglobulin, and bovine serum albumin in guinea pigs. The
casein preparation was obtained by acid precipitation from pasteurized skim
milk and purified by ve-precipitation five times,

Twenty-one days after a sensitizing injection had been given to the
guinea pigs (male and female, English strain, 200-300 g BW), the animals were
challenged with 0.3 mg of milk or purified protein in buffered saline, injected
into the juglar vein. The authors reported that the severity and number of

reactions was ugreatest in the animals sensitized with casein and the milk

formula, Four of nine animals sensitized with casein suffered fatal anaphylactic

shocks when challeaged, and the other five had mild or severe reactions,

8. Parlsh et al. (1129) challenged milk-sensitized guinea pigs
(specifications uot given) with reconstituted National Dried Milk Powder
(the sensitizing preparation), stomach contents from "cot death", purified
casein, a-lactalbumin, or B-lactoglobulin via the respiratory tract in a
study prompted by the possible role of milk protein allergy in the "sudden
death symdrome of infancy"” or "cot death" syndrome. The challenge via the
glottis was designed to parallel as closely as possible, accidental inhalation
of regurgitated stomach contents by a sleeping infant,

Four of five sensitized guinea pigs challenged with 0.25 ml of 1% casein
died rapidly and without struggling., Fifteen of 23 sensitized (milk) animals

challenged with stomach contents from cases of 'cot death” succumbed in like
manner, All of the fatalities showed histopathologic changes in the lungs
which resembled those found in "cot death".
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Table 27
Antigenleity of bovine serum albumin, alpha-lactalbumin,
—~ beta-lactoglobulin, and casein of reconstituted milk formulas
! as determined by passive cutancous anaphylaxis in guinea pigs* (1284)
Anti alpha-lactal- Anti-beta-lacto~  Anti-casein
Anti BSA bumin globulin (0.008 ug
- Products*# (0.13 pg AbN/ml.)  (0.046 pg AbN/ml.)  (0.023 pp AbN/ml.) AbN/ml.)
l.iquid
Bremil - + + +
o~ SMA - + + +
Enfamil - + + +
Modilac - + + +
— Lactum - + + +
Similac - + + +
Bakers - + + +
— Powdered
Bremil - + + +
SMA + + + +
Enfamil + + + +
= Lactum + + + +
Similac + + + +
Bakers + + + +
- *Skin sites sensitized with 0.1 ml, of diluted specific antiserum (rabbit).
Antibody N content is an approximate value,
**%A11 reactions were identical after terminal heating of reconstituted formulas
- ~~. at 99°C. (210°F.) for 30 minutes, except SMA powdered, Lactum powdered, and
- Bakers powdered, which became BSA negative.
-— Table 28
Pratein antigenicity of milk products measured in vivo
by passive cutaneous anaphylaxis in the guinea pig (1284)
Antigenicity of proteins
Alpha- Beta-
Milk Product Casein lactalbumin lactoglobulin BSA BGG
- Evaporated milk + + + - -
Dried instant skim milk
(Starlac) + + + + +
- Pasteurized fluid cow's milk + + + + +
Prepared infant formulas
Liquid Similac + + + - -
— Liquid Bakers + + + - -
Liquid Bremil + + + - -
Liquid SMA + + + - -
Liquid Enfamil + + + - -
- Liquid Modilac + + + - -
Liquid Lactum + + + - -
Powdered Similac + + + + -
- Powdered Bremil + + + - -
Powdered SMA + + + + -
o Powdered Tnfamil + + + + -
— Powdered lLactum + + + + -
Powdered Bakers + + + + -
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9, Sples et al. (1381) made an important contribution to a better
understanding of the problem of milk allergy with the discovery of new
antigens resulting from brief pepsin digestion of bovine casein and other
milk proteins,

Purified bovine serum albumin, casein, ®-lactalbumin, and B-lacto-
globulin were digested with swine pepsin (100 mg) at pH 2 and 37°C for
8 minutes. The mixture was then immediately poured onto ice cubes to stop
the reaction. After adjusting the pll to 7.5 with NaOH, the hydrolysate was
recovered by lyophilization., The preparations were then dialyzed against
several changes of distilled water with resultant separation of each
digestion mixture into a dialysate (D) and endo fraction (E). Care was
taken to eliminate the possibility of either fraction becoming contaminated
with undigested protein.

Hyperscnsitivity tests were perform>d by the Schultz-Dale technique
using uterine strips from virgin female guinea pigs (225 g) which had been
sensitized wilh the preparation emulsified in Freund's complete adjuvant.
(The uterine strips employed were non-sensitive to pepsin).

The Ouchterlony double-diffusion method, as well as ring and tube
precipitin tests, were employed for determination of other antigenic
relationships. The major results are presented in Tables 29 and 30.

The data obtained clearly showed that each of the milk proteins
yielded a new allergen on digestion with pepsin. The authors pointed out
that this phenomenon might explain the diagnostic puzzle presented by milk
allergy paticnts who give negative skin tests with milk or milk proteins.

B. Humans

1. Wright et al, (1574) found that most newborns have circulating
antibodies to purified casein at birth, Ninety-one percent of 100 newly-
delivered infants had antibodies in the cord blood and 88% of the mothers
were positive also, Seventy-six percent of the infants had antibodies to

a-lactalbumin and 667 were positive for g-lactoglobulin.

2. Goldman et al, (0490) tested 45 milk allergy patients with purified
casein and other milk proteins in individual oral challenge studies. The
median age of the group was six months with a range between two weeks and six
years. The casein employed had been purified by repeated solubilization and
precipitation until it contained 2% or less of whey proteins.
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Tabhle 29

Response of the dialysates of the pepsin hydrolyzates of
bovine serum albumin, casein, g-lactalbumin and

g—lactoglobulin in Schultz-Dale tests (1381)
Challenge dose -
of sensitizing | Reswits .
antigen Animals Tositive for
Sensitizing {ng of total tested now antigen Poubtful
Protcin antigen® nilrogent) (No.) (No.) (Na)
BHA nRAPh 10 5 2 0
nsapkp 300 5 4 1
None 300 4 0 0
Casein orp 10 R 0 o
oern kit 10 } 2
Nane J00 3 0 1
a Lactalbumin Lakbh n H] 5
lalh S00 ) H Q0
Nome 300 4 0 0
f-Lactoglobulin | RN b 1 5 O 0
IR L 04 b 5 ]
None Sou 4 0 0

*The dialysute of the pepain hydrolyzate of respective |mv|t-ina.v
FThe ovurisn halves of the 2 uterine horns from ench animnl were used m'pumluly, ono
for the 10 4g and one for the 300 gy challenge.

Table 30

Response of the endo fractions of the pepsin hydrolyzates of
bovine serum albumin, casein, O®-lactalbumin,

and B-lactoglobulin in Schultz-Dale tests (1381)
Challenge daose Results
of srnsilizing |— o S N
anligen JAnimala Pasitive for
Sensitizing {un of total testod new antiaen Doubtful
Pratein anhgaen® nitvogent) (No.) tNa ) ({No.)
BRA BRAPE 10 + 4 0
nRAPh 300 1 ) 0
None 300 4 0 0
Casein CPE n 4 0 0
CPh 300 4 0 0
a-Lactalbumin | Y W 10 5 1 1
’ JabPk T 300 ] 1 1
B-Lactoglobulin | Pl 10 4 0 0
gl 200 5 0 0

*The endo fraction of the pepsin hydrolyzate of respective proteins,
t8ee footnote t, Table IT.
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Fifty-seven percent of the patients were allergic to casein, 51%
to bovine serum albymin, 66% to B-lactoglobulin, and 54% to a-lactalbumin.
The allergic symptoms resulting from the reaction to casein and the other
proteins were similar to those to skim milk: allergic rhinitis, bronchial
asthma, atopic dermatitis, urticaria, anaphylaxis, vomiting, diarrhea,
abdominal pain, and central nervous system affects. |

3. The same authors (0490) demonstrated the unreliability of skin
tests for diagnosing allergy to purified milk proteins. In the study
reported, the ratios of positive skin reactions to tests conducted were:
caseiln 16/180, a-lactalbumin 15/180, B-lactoglobulin 13/180, and serum
albumin 14/180. )

4. Hill (0587) skin tested 44 eczematdus infants who were hyper-
sensitive to cew lactalbumin, with cow and goat casein and goat lactalbumin,
in an investigation of possible hypersensitivity inter-relationships of
these milk proteins in infantile eczema. 7The results obtained are

summarized in Table 31.

Table 31
Hypersensitivity Interrelationshipsgﬁetween Cow
and Goat Lactalbumin in Infantile Eczema  (0587)
et £ :
Ry oy ;
Skin Test Antigen’ Result of Test ¥ Positive/Total Number
Cow Lactalbumin Sensitivity + " AN XA
Goat Lactalbumin Sensitivity A b 25744
Goat Lactalbumin Questionable ﬁ i L 9/44
Sensitivity =
Goat Lactalbumin No sensitivity ©10/44

Ten of the 25 patients who gave positive tests with goat lactalbumin
were negative to both goat and cow casein, (Previpus studies demonstfatgd '
that cow and goat casein are almost immunologically identical). Regu%ts!of
this study indicated that immunologic cross reactivity between cow and poat
lactalbumin further }imits the safety of goat's milk for infants alﬂergic
to cow's milk. ' | |

5. The same author (0588) skin rested a larger group of eczematous
infants with spécifically purified casein and lactalbumin preparations in view
of the fact that earlier reports with these substances in the scientific
literature may’be invalid because of contamination of the casein preparations

i
‘
3

'p,'!
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with lactalbumin. The casein skin test antigen was diluted 1:2000 on the
basis of previous findings that this dilution would eliminate the possibility
of non-specific irritation in the eczematous infant,

Thirty-five (46%) of the infants tested were hypersensitive to both
casein and lactalbumin. Thirty-five (46%Z) were positive to lactalbumin

alone. Five (6.7%) reacted to casein alone.
The author concluded, on the basis of a series of tests in guinea pigs,

that the casein skin test antigen employed was free from lactalbumin in
amounts that would give cross reactions. One of the discussants disagreed
with some of the author's conclusions.

6. Buckley et al. (0194) compared nutritional responses and allergic
reactions of 488 babies to a commercial high whey: casein formula ~ SMA-526
(247 infants) and a standard evaporated cow's milk formula (241 infants).
The results are presented below and in Table 32. Both preparations were
generally satisfactory dietetically and gave comparable growth rates.

Positive skin tests for milk hypersensitivity were found in 5% of
the babies. FPorty-two percent of these patients were positive to B-lactao-
globulin and bovine serum albumin, and 25% were positive to casein and
lactalbumin.

The authors point out that their allergenicity data are in agreement
with those of previous investigators in this area.

Tahle 32

Antigenic Effects of Two Bovine
Milk Preparations in Infants  (0194)

over-all incidence of positive teats to cow's milk

Skin tests 5%

Tanned cell

hemagglutinins 76%

Precipitins 2,2%
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7. Taylor et al. (1434) tested the sera of 24 children with coeliac
disease and 60 adults with steatorrhea against casein and the other wmajor
proteins of milk along with gluten fraction IIT of wheat, in an effort to
shed light on the etiolagy of these diseases, Geldiffusion, complement-
fixation, and hemagglutination techniques were employed. Fifty healthy
children and 64 normal adults were included in the study as controls. The
results are presented in Figures 2 and 3.

The data showed clearly that patients with coeliac disease as well as
those with idiopathic steatorrhea had significantly higher antibody titers
to a proteolyzed fraction of wheat gluten and to purified cow's milk, casein,
a-lactalbumin, and B-lactoglobulin, than those of the healthy controls. The
authors discussed these findings in relation to the etiology and treatment
of the diseases.

8. According to a review by Heiner et al. (0570), milk allergy may
be involved in hypochromic microcytic anemia in children. All of the
symptoms of this disease disappear when milk is removed from the diet and
recur when 1t is introduced again.
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Figure 2

Serological reactions in coeliac disease
(coated tanned-red-cell test), (1434)
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Serological reactions in idiopathic
steatorrhoea in adults (coated tanned-
red-cell test), (1434)

I1I. Special Studies

Effects on Carcinogenesis

Numerous studies on the effect of high dietary concentrations of
casein on spontaneous and experimentally-induced cancer have been reported.
In some instances, protein, amino acid, and/or vitamin controls were
included. In others, however, specific effects are difficult or impossible
to assess. The following studies are representative of the nature of these
investigations and results obtained.

A, Mice

1. Walters et al. (1516) studied the effect of high (25%) and low
(15%2) dietary casein on the incidence of lung tumors in weanling BALB/c
mice injected with 30 ug of B-dimethylaminobenzanthracene 24 hours after
birth. Control groups (untreated and those injected with the gelatin vehicle)
were included also. Thirty-five to forty animals were used per group. The
mice were observed daily and those exhibiting sudden weight losses or
showing definite signs of illness were killed and autopsied. Survivors
were sacrificed during the 40th week and studied for gross and microscopic
evidence of neoplasms. The data are presented in Table 33.

The authors concluded that the incidence of lung tumors was signifi-
cantly greater in animals on the high casein diet than at the lower level

(P < 0,01).
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Table 33
Results of Experiment (1516)

Number Avernge
(peer cont) number
Number  Number ul'mu-vi\nrq of lung Mice with other
of miea  survivorn  bhearing lung — tumour per tumoms including
troup Diet Other tveatment weaned  at 40 wka,  tumours® aurvivor malignant lviphioms
I~ . DMBARC, a6 20 26 (100) 30-8 J-tnalignant
i sgueons gelnting Ivmphoma
High 1 -hepataina
.'l asein 3%, aqueous gelatine a0 kI 7 (28) -2 1]
1) None 3 34 h (1Y 0-14 0
1 30 . DMBA3R, 41 M 36 (100) )b 3-hepatoma
] aspueoun gelatine, 1-granulosa cell (u-
. Low mour of ovary
5 ensein 39, pogusenons gelatine kY 7 6 (16) (IRN B} L]
6) Neoue 44 43 14 (24) -3 1}
¢ e Pulmonary adenomas and adenocarcinmuas visible on surfaces on lohes,
B. Rats

1. Gyorgy et al. (0534) investigated the effect of casein and other
supplements on necrosis, cirrhosis, and cancer of the liver in rats fed a
diet containing dimethylaminoazobenzene. In one experiment, the incidence
of cancer due to butter yellow was reduced from 80-100 to 407 by adding
18% casein to the basal diet of rice, carrots, and vitamins.

In a second experiment, 20 rats on a diet of 187 casein, 687 cane
sugar, 8% butterfat, 4% salt mixture, and cod liver oil supplemented with
other vitamins, were protected from the carcinogenic effect of p-dimethyl-
aminoazobenzene (0.6g/kg in diet) over a period of 175 days. Two rats
showed mild patchy necrosis and slight cirrhosis only. When the dietary
level of casein was reduced to 6%, the protective effect was not evident.
Addition of 50 mg of cystine and 20 mg of choline, however, protected 75%
of the animals from cancer and other forms of liver damage. The authors
attributed the protective effect of casein for the liver to its lipotrophic
activity.

2, Miller et al. (0998) fed Sprague-Dawley rats, both sexes, 8 to 9
weeks of age (other specifications not given), synthetic diets containing
0.06% of p-dimethylaminoazobenzene and varying concentrations of casein
and pyridoxine (the rats received one drop of halibut liver oil monthly also).
Prior to the experiment, half of the rats had been reared on a low pyridoxine
diet (1.5 mg/kg) and the other half on a high pyridoxine diet (6 mg/kg of

diet). Food intake values were determined at 3-week intervals.
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— After 120 days on the carcinogenic diets, the livers were examined
- by laparotomy and the animals were continued on the same diets as before,
but minus the carcinogen, for an additional 60 days. The rats were then
sacrificed and the livers examined for tumors, The data are presented in
- Table 34,
Casein at a level of 48% in the low pyridoxine diet (0.2 mg/kg)
- decreased the incidence of liver tumors from 50 to 7% in comparison with

the basal diet concentration of casein of 12%. An adequate amount of
— pyridoxine (2.5 mg/kg), however, nullified the protective effect of casein.
The authors pointed out that the nutritional history of the animals
also influenced tumor incidence. Rats raised on the low pyridoxine diet

had fewer hepatomas than rats reared on the high pyridoxine diet, when they
were later placed on the carcinogen: low pyridoxine diet,
Table 34
The Incidence of Hepatic Tumors in Rats Ralsed
- and Maintained on Synthetic Diets High and Low
in Pyridoxine and Casein (0998)
Ll e N |;|l-,.\:(h ,\I;unlru:u‘xdr:"n‘li-:l_“ \“\Il'l"l':,tl A:l::l;:'“r '
";‘.:j':'ﬁ l:"‘:hlll:‘: asein, n'nll:x:ru in't‘.:‘l:.l.' . . |~|-'f”l‘ll|“v.::-';:'.~‘ hY) uq!i\;r
AN Lot St PO T, Cirrhoss

- 1 0 25 12 Y 10.1 15/15 718 15/15 0 Mleraw:

) 0l 02 12 . b3 1617 316 13/10 i Makd

3 15 25 12 n 07 15/15 415 1415 ' Molerate

i 15 02 12 w24 77 16717 316 #/16 ¥ Mild

5 15 15 18 11 TR 12/15 /12 1.2 ) Mild
- b is 02 18 -3 7.6 11717 /14 114 10 Mildl

* Coutaioed 6.06 per cont p dimethylaminnazobenzene for fusy 4 monihs, .

t The average of 3 detenminations at 3 week atesvals of the food consumed aver a 3 day period.

1 Survival =2 number alive ai end of 4 numths over muwher at start.

i § Incidence =7 anmber with tnmors over wnmber of survivors at 4 monfhs.

- 3. Kensler et al. (0724) demonstrated that "vitamin-free", alcohol-
extracted casein contained one of the two factors that protected rats against
the carcinogenic effect of p-dimethylaminoazobenzene on a susceptibility

- diet; riboflavin was the other factor.

Twenty-six rats (specifications not given) placed on a diet of

- unpolished rice and carrot, containing 20 ml of 3% butter yellow per 1000 g,
supplemented with 2 g of casein and 200 ug of riboflavin daily, had a cancer

— incidence of only 3% as compared with 70-80% for the supplements alone, and
97% for the basal control diet, over an experimental period of 110-150 days

o (See Fig. 4).



Protective Effect of Various Dietary Supplements
against the Carcinogenic Effect of Butter Yellow

No aupplement

.e Nicotinic acd
" _e Riboflavin (5) mqt)) i

d “ob.i cid rpiboflavin
7/ e Nnroumcou ! (3004

Riboftavin (200 i)
+casein

i 15% yeany
150 <00

Days on butter yellow diet

Pigure 4 (0724)

4. Griffin et al, (0518) fed young male rats, diets containing either
12 or 24% casein together with the carcinegen p-dimethylaminoazobenzene (or
a derivative) for periods of 14 to 20 weeks, and determined the influence
of these components on the incidence of liver tumors. In a second series
of experiments, the relative effects of methionine, and high and low levels
of casein on the liver riboflavin of rats fed azo dyes was determined, The
results are presented in Tables 35 and 36.

Rats fed caseln at a level of 247 developed fewer hepatic tumors
than those on the same basal diet with a casein level of only 12%. Supple-
mentation of the 12% casein diet with methionine, however, also reduced
the tumor incidence. Both casein and methionine promoted liver retention
of riboflavin in rats fed carcinogenic azo dyes.

5. Harris et al. (0553) determined the effect of casein (20%) and
varying concentrations of liver extract, riboflavin, cystine, cysteine,
and several other substances, on the incidence of hepatic tumors induced
by p-dimethylaminoazobenzene.

Wistar strain rats, 100-110 g BW, (other specifications not given),
in groups of 25 to 90, were placed on one of the various diets containing
0.6 or 0.9 mg of carcinogen/g (See Tables 37 and 38). The animals were
weighed semi-weekly or weekly and, after the third month, the abdomen was
palpated once each week, In most instances, the animals were killed soon

after tumors were detected. The livers of all animals included
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Table 35

The Effect of Protein or Methionine on the Development

® Dinty 4348 oontnined ¢ me. nlmln;in/kl‘. divte 8898 comtnined 1w ki Feeding period tor all gosps was 3 werks.
L VAR = p-dimeihils minoasobensear.
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of Liver Tumors in Rats Fed Certain Azp Dyes (0518)
Average
Time weight  Averuge
dye  Average ol el fonul Survival  Final Nega-
was initial  of Jdyve- intake w emd wnnbwr tive Per
fed weight  ferding (g rat,  of dye of st cenl
Qpinp® '§ Corclaogent Dies (wk.) (em.) (e} uy) feeding  Jumorn  sivors tamors
4 0.04% m'Me.DAR  18% casein TR U T T B T IR T T " T
" 9. wMeDAD 9% cawin 18 185 224 0.6 (LR R “ 7 Y]
mMeDAR  $4% easein—28 mig. ritwfla- ,
. vin'kg (L} 164 M My (1M1 | i 7
¢ 0.00% mMeDAR  19% canein " 170 182 0.0 1519 B} R 87
' N ] sMeDAB lﬂ‘z cawin 3.6 gm. methi- )
: . onine, kg 4 1738 21 0 15.°15 1 5 (1]
8 0.04% wMeDAB 4% cnsein - H 172 210 (TR 15/18 10 5 a7
; 9. oM DAR  13% cusein 10 178 (LY H.0 1415 " 8 m
) e DAR 189 casein+3 .6 gw, methi- -
oo nn‘e \ L) 170 L 313 [ {14 [T K 4 8 Rl
3 '0.008% o' MeDDAB . Y cnrein T L S T S T N N E VT 7 T A
-8 DABR 18% casein 1) 180 n .1 1515 4 " F 1)
" o, DAB 195 casein 4 3.6 gon. miethi-
B . omm,kl " INg L 3] LR 13715 R " L1}
is oy AN 249 canein W T 1.0 15 15 3 0w
1" e DAB 13% casein 20 W7 234 [HR'R 1334 ] 7 EY]
W 0 PAR l%% cusein +7 .3 g, methi- )
- onine/kg M 0l 37 i) 15 L 11} 1]
W m 24% casein M0 L] M3 136 IER L] 3 T 1"
] 36% casein &) o my 177 1415 1 7 )
'dﬁ'm 14 in“ 12 recvived € mg. of riboflavin pey Sikogeam of dict; gronps 1316 received | mg. af sitwlinsin per bilogram,
lD” m.aﬂh'luwnuuilxn:; “ .
- Ghine BIBORZHIIE NI R,
léA %ﬁlmthyfuumnwhu:fn
Table 36
Relative Effect of Methionine and Protein on Liver
Riboflavin in Rats Fed Azo Dyes 0518)
[T Ny
INCHES o
Noew MENY INTANE L pm Rt VN
) AN (L1 ATA lewmmar, (oM nav/ Tobal
Diex® axn pye ren MAIS W HIGRY wK) ) poan g Wosneer em
3 casein —control R} 246 1] | F 0 I [ 1320 % £
casein4-0.00% DAY 4 180 -4 1 15 6 12 647 3 e
!l uum+0 06% DAB+4 g methi-
’ uiine/kg [ 18] 9 Ha [E ] 735 Ha
#8  )8% cascin+0.064% m'Me.DAR H 2140 - 0o 133 16N m
n Picuﬂn-i-(] 0645 m'Me.DAR+4 gm.
< ¥ methionine kg 8 U L] 1.5 138 15017 6 HR
B 129 casein, restricted control 4 4 L] 1n.n WH n a2l s (L1
W 18% casein+-0.06% DAB 3 88 -4 10 173 TARIE ™
#0387 carcin+4 gm. methionine/kg+0 6%
AR ) 250 9 140 19 6 13.7-42.0 LYY
‘§1 4% easein -0 069, DAR (] N0 0 1o W R n.n 228 0
‘88 18% casein4-0.04% m'Me. DAD 9 1] -4 o 4.9 (E RN [ wn
. mmn+4 g mclhmnme/ka-{—tl 0%
8 REH] -1 L 16 17163 143
" cuem+n oo'?é m’'Me.DAR 4 270 - 9 "o 168 R ] 157
8s ‘ caseint-0 090 / o'Me.DAR 4 P -1 L] 10 woai7e tE 1
-9 umn-l-o o'Me.DAB+ G lm
saetMenine kg b 27 -4 [EXL [} IR K N



48

— Table 37
Composition of Test Diets (0553
Basa! Diets
— Ny 1 No. 3 Na. 3 Na. 4 No. 5
Cascim, vitamin-free, Jabcw 200.00 0o 2040 A%.00 100.00
Crisco or Pyimex 50.00 SO0 5000 50.00 50.00
McCollm's Satt Mixture No. 1850 (modified) 4000 J0.00 H1LON 4000 4040
Agart 20. 20.01 2000 204¥) 200
— Carotene . 0.0l 001 0.01 0.04 0.01
Vitamin 1Y Concentrate in cottonseed oil '
(400,000 U, per gm.) 0.003 H.005 (L0035 0.603 0.005
Thiamin 0.005 0.003 n.00s 0.005 0.0025
Riboflavin 0.005 [(XED) 0.0015 0008 0.0018
- Vitamin Be 0.003 0.003 0.003 0.003 0602
Nicot.pic ackd 0.01 0.005 0.0l 001 (.01
a-Tocopheroly 0.01 0.0l 001 oM 0.m
Calcium pantothenate 0.00:6 0.00506 (10156 0.0056 0.1.056
Clwline chloride N Y L0 1.0 1.0 0.0
—— Cerelose, refineds 689.0 0.0 6(89.( 6890 790.0
Ground pulished rice 0.0 890.0 0.0 0.0 00
¢ This was modificd by the adhlivicn of 0.4 gw. of K1, 0.72 gm. of CuS0,, and 1.0 . of MnCly to $916.6 gm. of salts mixed
acopding o MeCollum's fosmuls. ’
t Afler Feheuary. 1962, agar had to be omitted from the diets, and picces of flter paner were fed to the rats.  Some of the animals
of diets b §0, 37, 19, 20, 24, 25, and 26 weir subjected to this change.  Animal receiving dicts 27 to 42 never had apar. An
and aditinnal 27 of carbohydrate was subatitutcd for apar.
n ohe lates experinentg this was supplied as lfistillcd natural tocopherols. .
In Febeuaey, 1943, it Mcame mecessary (0 replace cercluse by o arch. Some of the ruts on diets 30 10 35, inclusive, were
wbjccted 2 this change.
—
Table 38
- The Composition of the Diets
Made from the Various Basal Diets (0333)
B . Diety
—_———~ ) 4*:;“; g 1se Hasal ] 28, 4895 gm. 24 Basal .
Carcincgen solution 0 Carcinogen solution
2. 4045 gm. 15t Basal § " I-Cysteine hydrochloride
150 Carcincgen sclgticn 29. 4450 gm. 24 Basal
— 148.5 Liver Extract, Lilly 100 : Carcinogen solution
3 4845 gm. st Rasal S0 I-Cystine
159 " Carcinogen solution S 30, 410 gm. 2d Basal
245 ce. Liver Exteact Sotution, Purified, Liliy® - 150 Carciw gen soliion
5. 4845 gm. st Basal 750 Liver Extract, 1 1ly
- 156 " Carcinegen solution 21, 4850 gm. 3d Basal
485 Y p-Aminohenzoic acid 150 % Carcinogen solution
8 4850 g st Basal ' - 22, 4800 gm. 3d Basal
150 Carcinogen solution 150 ¢ Carcinogen solution
— 165 g, Pantothen ¢ acid S Cysteine hydrochloride
W 4800 gm. Ist Basal 35, 4o g M Basal |
150 ¢ Carcinogen solubion 150 Carclnogen solution
50 “  I-Cyste ne hydrochloride 250 ¢ Lipwaic
— 4. 4830  gm. st Basal 23, 4850 pm. £h Dasal
150 Carcinogen solution 150 " Carcinogen solution
) '] M P
125 . Riboflavin 24, 4800 pa. Ath Basal
19, 48425 gm. st Rasal 130 % Carcinogen solntion
150 ‘: Cartinegen s Aution s % -Cystene hydrochloride
— 7.5 Choline hydrochluride 34 4R25 g dth Basal i
M 4845 gm. Ist Rasal o 150 " Carcinogen solution
150 ';' Carcinogen solut on 25 Succnic acid
5 Taasitol 41, 4800 pm. Hb Basal
- Y 45 gm. Ground polished rice 150 ¢ Carcnogen solution (2% Dye)
4% ¢ Carcinogen solution 50 ¢ -Cystine
1B, 4850 gm. 24 Rasal 42, 480 gm. 4th Basal
150 Carcinogen solution 150 % Carcinogen solation (2% Dye)
1. 47045 gm. 24 Daxal S0 {-Cysteine hydrochloride
o 150 “  Carcinogen solution 25. 40 pm. Sth Basal
1458 ¢  Liver Extract, Lilly 0 Carcinegen solution
o~ &, 450 gm. 2 Rasal . 26, 4754 gm. Sth Hasal
/ : 100 Carcnogen soluticn 00 Carcinogen solution
— §0  * I-Cysteine hydrochloride 146 “  Liver Extract, Lilly
® Equivalent 10 gwice the amount of fresh liver represented by the crude liver extract used in dict No. 2.
po—



N in the tumor-incidence calculations were examined microscopically. The
results arve presented in Table 39.

Table 39

Micrpscopic Liver Examinations
and Tumor Incidences (0553)

In Tumor Rats
.

« . R
. Mimnimal — Llrr‘:ml .
lhet &‘:l Tosad .;:!? ;{:::2:, s‘in: ih-‘:l‘::. Much Slight Focal Filroas
No. 1960 w-rd Torad FTumors days days % A % %
| Jan. )4 “ [ 4 55 104 212 0 6 3l .72
e aly L M 28
2 Jan. 14 » P- 24 112 184 0 0 8 52
3 Jan. 15 K] ¥ ) 26 - 139 205 4 0 2 48
5 “ » 28 22 132 183 L] 5 14 77
R Mas. IS5 M 72 17 124 174 0- O P 4] 76
9 Ap. 85 +H 19 15 A 163 73 . 27 0 47
10 Jan 15 Jio b 22 119 296 0 6 21 48
144 Se. M ? X 12
15 May )9 159 M 30 87 139 83 13 3 13
1 “ " 24 22 143 401 0. 9 18 73
17 A, 24 K 2 23 96 173 4 {1 3 31 65
19 Sept. 16 » 2 21 13 250 10 33 33 50
2 " » 7 15 120 235 20 40 20 73
2 Sep. N » 0 15 72 153 100 0 0 3
22 Seg. 22 K"} X 25 113 152 52 36 8 48
23 Sopt. B2 R 2 18 |R1 227 [ 33 39 {5
21 Segt. 29 M 13 9 198 08 11 1l 22 44
25 e 36 5% kX 29 120 162 86 14 0 3l
26 ¢ 25 23 13 162 455 0 © 31 15 54
vl
— 27 Mas b6 25 a3 2 114 176 9 S 5 72
2 A y 28 Y. 1] 19 124 142 100 0 0 50
2 . - a3 2 21 127 169 81 19 0 43
30 Apr. 21 C28 0 17 100 216y 24 18 30 4]
M Apg. 8 8 XN 19 176 232 10 25« 35 10
k1) May 8 23 23 20 155¢ 213 0 40 35 50
(3211
4 July M » n 1l 144 Sol 0 2§ 25 M
2 " M 2 9 222 - never 0 9 36 9
® Reprat

0 atem pogiod 400 Jong, unbosg-cen clcumstances having preventol palpation sooner than five months.

Caseln (20%) without supplements in the basal diet had little or no
effect on the incidence of hepatic tumors in this study. When coupled
with liver extract (3%), viboflavin (5-8 mg/kg diet), cystine (1%), or
cysteine (1Z), however, there was a marked protective effect on tumor
induction by the ecaveinogen. Choline, inositol, p-aminobenzoic acid,
pantothenic acid, lipocaic, and succinic acids, were without appreciable
effect op carcinogepesis., The protective effects of exceptionally high
concentrations of casein (48-60%) reported by other workers, may be due to
its high content of cystine (0553).

6, Sugiura and Rhoads (1406) investigated the effect of casein on

T~ the induction of liver cancer in rats by butter yellow (p~dimethylamino-

azobenzene).
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Twenty snimals (Wistar and Sherman strains), both sexes, welghing
I 65-185 g, weire fed a diet consisting of 82% unpolished rice and 18% casein,
—
0.6 g/kg of butter yellow plus approximately 1 g of fresh carrot per rat
daily, over a period of 284 days and determined weight changes and incidence
- of liver tumors, The data are presented in Table 40,
The results of this studyv clearly indicated that 187% casein in a diet
— of unpolished rice and carrot did not protect the animals against the
carcinogenic action of Rfdimethylaminoazobenzene. The effects of yeast and
rice bran were duvesiigated also in parallel with the study on casein.
Table 40
Effect of Feeding Rice~Bran Extract and Unpolished Rice on the
— Productlon of Liver Cancer by Butter-Yellow (1406)
Body weight (gm.)
e Al L e Liver
Na. of . Maxi- fiml-
Vb oo, Sexo days fed doinial mi Final ings *
- i 4 o0 14} 157 157 -
2 R tan 2 IRY {20 —
5 9 1on 125 145 142 —
3 <& b 130 155 154 -
5 o Lig 147 V7 20 -
— b o e Va0 151 142 +
- o "B s P22 122 +
] Y ey "o ya L _
" I 0 Vi (R0 V34 —
- § P 142 142 127 —
T " 4 V20 142 [ ViR -
K 12 g §20 137 17 70 R~
i ¥ 125 114 151 1
‘" K 1h 124 V2 100
- B d 12y 130 155 155 —
10 d )io i 20 120 o
47 g )3 124 10 [ EE x
b S XL 122 144 Vg4 +
m d 139 120 151 151 -
— Lo o Van i3 142 1az
" 4 13 e 2 130 *
Iy o 14y 148 (B 140 -
74 Yy 150 127 160 Y] .
4 ? 150 17 128 )20 *
- I d 150 121 122 P A -
0 Y s 145 10y -
27 ¢ 161 1s 133 Yo —
i < i 159 159 120 -
— My & 1" 150 150 114 —-
30 4 160 10y 1y 105 —
3 9 T 135 [RL] 17 x
32 s 1t 151 151 1o +
34 d 11 179 179 168 +
— . 14 d 170 158 105 10 -
i ¢ 172 1y 18 NL] —
30 3 LI Py 1p0 120 +
37 (Q’ 200 12 i35 130 o]
iR 9 200 122 129 e -+
— " I 2R i74 1ho 160 —
qu g 18 14 133 us +
41 3 nH 162 173 114 &
a3 g 08 111 P84 138 - + 4
o 13 s 228 1ol 128 112 +
i4 rf 230 4o [T [ -
45 o 250 145 148 113 +
A~ 40 Q 250 135 144 [T *
/ A7 o 250 135 135 1 +4-
-— a8 © 150 141 173 162 + -+
o anbicates smonth,  practically . nm mal  liver; -+ iadicates
wodihar ecnthests with denomatous iy peyplasiag - indicates i~
et avas of ehiclangioma o hopatoma, or loth ot nulivates ex-
ton dve ooy capear with oow ithont metastisis, I all casen the
Jiagnoses were conlirmed by microacopie examination.
——
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7. Shay et al, (1356) iavestigated the effect of high and low
casein, lactalbumin, and ovalbumin diets on the incidence of 3-methyl-
cholanthrene-induced muwmary adenomas in rats.

Female Wistar rata, 4 to 5 weeks old, weighing 60-80 g, in groups
of 22 ta 66, were given daily oral doses contalning graded amounts of
3-methylcholanthrene and placed on one of the test diets outlined in
Table 41, or on the Rockland Complete Rat/Mouse control diet, and observed
for the development of tumors. Growths were excised when they reached
the 1-2 ciy dlameter size and the animals continued in the experiment. All
tumors were examined mlcroscopically for verification of mammary adeno-
carcinoma dlagnosis, The observation period was 52-56 weeks. Major
findings .re presented in Tables 42 and 43.

The data shawed that rats on the high casein diet (64%), with or
without 3-methychloanthrene, definitely had a higher incidence of mammary
adenocarcinomas than vats on the control diet. Results with ovalbumin at
the 64% level vere ineomclusive because it was not as acceptable dietarily

as the casein or coatrol diets.

Table 41

The Special Diets were Prepared by the
Hutritional Biochemical Company,
Cleveland, Ohio, and their compositions were as follows: @356)

ies No. 1:
o474 Vitamin-free cascin
2A0 Sacruse
87, Vegatable ol
2% Rrewer's yeast, USP
9% Salt mixtnre, USP, Na. 2, plus Vitamine-diet forti-
fication misture,
et No, 2:
746 Vitamin-free casein
§9€, Sucgose
OW), yeast, salt, and vitamin mixture as in diet 1.
Dieg No. 3:
649 Puiilied lactalbumin
2205 Bucrase
O, yeast, salt, and vitamin mixture as in dict 1.
iy No. 4:
8474 Ovalbumin -
22% Sucrose
: O], yeast, salt, and vitamin inixture as in diet 1.
et No. 5: :
3.5 Vitamin-free casein
$2.5% COvalbumin
§9¢5  Sucrose
€)i), ycast, salt, and vitamin mixture as in diet 1.
it No. 6:
7% Vitamin-free cascin
2004 Ovalbumin
594% Sucrose
il, yeast, salt, and vitamin mixture as in diet 1,
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Table 42
—
Mammary Carcinoma in Female Wistar Rats Maintained
N on 3 Diets-No Methylcholanthrene Given (expt. 1) (1356)
A—
- Additional
Group Breast tumors breast tumors :
oy 0 Other
liet Weeks: 0 4 8 12 36 200 24 98 32 38 40 44 43 52 Number Percent Number Tumors/rat tumors
1 tats alive 54 54 54 34 54 a4 54 52 52 52 52 51 51 30
Rock- 1ats with
-dand breast eancer 1 1 2 1 0. u3 V]
Mean Lodly
! weights 73 133 isu 1y 237 241 242 254
2 ¢ Ratsalive 8 68 66 64 61 60 60 5% O
64T, Rats with
-ysein bregst cancer 2 2 1 1 6 10 1 015 1k
Meun boiy '
weights T2 O44 51 BRSO 923 028 M1 oSG 237 265 272 284
3 Rats alive A ] 28 2 24 a5 23 23 23 23 23 22 2 8
-7 {ats with ' .
asCife breast cancer 1 1 2 10 4 0.25 1F*
Mean body
weights T 3a2 1T 100 dug 213 293 2060 2460 250 234 266 275
Laand 2 Lbl’ sadetoma of Lreast. ' . o " T - o
—
— N
-
Table 43
Hammary Carcinoma in Female Wistar Rats Receiving 5 mg
- 3~Methylcholanthrene for 10 Days (total dose 50 mg) and
Maintained on Rockland Rat Diet and Casein Diets (1356)
-
Breast tumors
Sroup and ———————— Second  Other
diet Weeks: 0 4 8 12 16 20 24 98 32 36 40 44 48 52 Number Percent tumors tumors
-6 Rats slive 46 46 46 46 46 46 414 4% 44 43 41 41 39 6
Rockland  Rats with breast
eancer 2 vl 1 1 1 1 7 15 2 1F* 1L}
Mean body weights 70 139 163 1853 102 207 215 221 227 230 235 242 249
-7 Rats alive 42 42 41 41 40 39 35 38 37T 3I> 35 3> 3 8
497 Cascin Rats with breast
caneer 2 2 3 2 1 1 1 1 2 15 36 6 2F*
Mean body weights 70 141 17 94 204 206 213 221 226 231 241 246 245

Rats alive 92 o 23 a3 22 22 222 021 21 21 20 18 18 &
=00 Casein, Rats with breast )
ligh veight caneer 1 3 2 2 2 2 12 55 4 1Lt
: Menn body weights 700 136 162 212 227 232 241 254 238 271 28D 30t 321 317
9 lats alive g 21 20 18 18 18 17 17 7T 16 153 15 15 6
=70 Casein. Rats with breast .
low weight caneor 2 1 1 2 1 1 1 9 43 3 1F*
Mean bodv weights 73 142 147 462 103 169 211 217 224 226 233 237 250
_7/-\\ e o e e e e e s i i e
y Adenoma of Lreust.
L Jhoina.
-~ [



The incidence of tumors in rats on a 64% lactalbumin diet was 247%

in comparison with 157 for the control diet,
libitum was not included in this experiment.

Casein at the 64% level ad

For comparative purposes,

however, in another experiment (See Table 43), when the tumor incidence
was 15% on the control diet, 36% of rats on the high casein diet developed
tumors.

The authors concluded that casein contains some factors that accelerate
carcinogenesis induced in the breast by 3~methylcholanthrene,

8. Dunning et al., (0363) placed pedigreed Fischer line 344 female
rats on a high casein (40-45%) diet containing varying amounts of yeast or
purified DNA (See Table 44) and determined the effect of the combination
on 2-acetylaminofluoreme-induced cancer over a period of more than 400 days.
The most striking observation in this study as indicated in Table 45 was
the high incidence of mammary carcinoma (25%) in rats on the 457 casein diet

as compared with an incidence of 0-67 in animals on the other diets.

Table 44
Composition of Diets (0363)
Diet 6 Dict 13 Diet 14 Diet 16 Diet 16 Diet 17
Materiul g e G -
T Caein ' 1.0 400 1.0 430 40.0 0.0
Brewers yveast [ 0 0 0 a0 [
Hhigh nocleie acid yeast?® " o " 1 (1 0
Diepoxyiibonueleie seid u 0 1.0 2.0 0 5.0
Salt minture 4.0 4.0 1] IRU 4.0 1.0
Ceth ttour L 2.0 Rl 20 2.0 2.0
Liextrin 34.0 340 34.0 34.0 34.0 340
Crisen 16.0 15.0 16.0 15.0 15.0 15.0
Halibot liver oil 4 4 4 4 A 4
2-Acetylaminofluarene A6 06 .08 06 06 R
T Vitamin supplement per kilo of diet)
(4 mg mg
Thinmin 4 Niaein 4 Choline HCE 2,000
Ribottavin 8 Caleiut puntothenate 20 a tocopherol 150

Pyridoxine HCY, 4 - )
m""vﬂ(lpiﬂied tlm::ml& the courtesy of Dr. Joel B, Peterson, Standard Brands, Ine., New York
City. .
} The erystabling W vignming were dissolved in distilled water and added as a daily rupple-
ment to eneh food enp.

Table 45
Average Survival in Days * P.E. and Z of Rats with Induced Cancer (0363)
Mammary
Liver enucer Iiar cancer caneer |

(iroup Survival, i N ~
Yo No. ruts days + P.E. “o o wmet, e Avgdays % Avgdays
46 eascin 1T 349 +11. 75 67 44 ae3 25 327
5 high nueleie neid yeast IR U9 + 9.4 Ry 47 BH 33y 6 406
1 nucleie acid 1”2 324 11, 67 62 - 07 290 0]
2 " " 12 382 4+ 6.1 02 04 S0 LRO 0
65 " 12 315 + 6.1 81 30 75 286 0
6 Brewer's yeast 1" 317 - 6.5 L H 3 (i} iy 0
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Yy, tngel ec at. (0389) ted weanl.ug female rats (Alabama Experiment
Station Strain), 20-22 days old, weighing 40-60 grams, a semi-synthetic diet
containing varying concentrations of casein and 300 mg/kg of 2-acetylamino-
fluorene. The animals were weighed and examined for visible tumors every
7 days over an experimental period of 40 weeks, Results are presented in
Table 46,

The data obtained indicated that increasing the concentration of
casein in the diet from 9-27Z to 40-60% reduced mammary tumor incidence
from £6% to 12% (0389)., Casein appeared to be partially protective against
induction of ear duct and liver tumors also.

Addition of desoxyribonucleic acid or yeast nucleic acid had no
effect on the protective action of casein (0389). Supplementation of the
60% casein diet with vitamin B12, however, almost completely eliminated the
beneficial effect of the high protein intake on survival. The authors

pointed out that a decreased concentration of sucrose in the high casein

diet should be consideved in interpreting the results obtained.

Table 46
Influence of Dietary Casein Level on Tumor Induction
by 2-Acetylaminofluorene (AAF) (0389)
retany ANV, DALY INTAKE Av.
CARD N s pBOpY WRIUNT PN KAl [ 1378
Ear. Gune TR T T ILE Fred AAF No, No. HaTe wiTIL TOMOKS ivaL
no. Nt (pes voat) [FTR) (um ) (rm.) (§m.) RATR Mammary  Far duct Liver  None {wke.) !
1 ] kY 15 # 6 198 17 11(22)° J2(25)* 10 0 27
? {1 ] 187 70 2 H ] 021) 5(25) 4 0 8
1 ] [ 14 " 2400 70 210 4 $(21) 24) 3 0 S0
[} 40 " [T 70 2 10 8 2(45) 8(28) 4 0 82
5 i 58 ({1} 65 1.95 ] 0 2(87) 4 L] 40¢
6 V2 [§) (1] 72 2 10 I 16(19) 12(24) 8 [}] 27
2 ki " 54 216 76 2 28 a G(20) 3(25) 2 a 280
4 I2 57 w0 76 2 28 ¢ 6(21) 4(24) s 0 &
[ (] 47 Y] 17 [ )] [} 5(28) 4(141) 4 0 42
8 o [ [ i 80 2 40 12 10(18) 7(24) 4 0 ET)
" " (%] 3] 62 1 K6 7 5(21) 4(24) 5 0 28
4 el (] " 13} 64 1642 L] 1(31) 3(a31) ) 3 92°¢
13 60 W 204 78 2.14 8 5(25) G(29) 4 0 LI 3ad
& The nannlers i porepthess are 1 svenage bumor induction perisudy in weeks.

£ AN thew animabs o cre atilbadive wfter s w-weck experimental period. They were saerificed a1 1hat time to delermine the liver tumor incidemce,

1 The diet was suppleawnteod with § e ovit of dsonyrthemucleie acil,

B The dict was supph mented with 3 o 0 oot of yeast nucleie acad.

# Pl daet wa suppd uwated aith A0 2. of vitamin Bra and € wmg. of folacin per kilogram.

b Hets af thas gronp were jriie-fod wir bl those of proup 11,

o0 A1 these animsds wope a0l alive 8600 the 32wk experimentsl period. They were saerificed at that time to determine the incidence of liver tumors.
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10. Korpassy et al. (0783) investigated the effect of high and low
dietary caseiln on the incidence of liver cirrhosis and tumors in rats treated
with tannic acid. Three groups of young white rats, 17 males and 23 females
per group, were treated as follows: Group I was fed a high casein/low fat
diet (25% casein, 5% sunflower oil); Groups II and III were placed on a
low casein/high fat diet (3% casein, 20% sunflower oil), and 1.25 mg of
pyridoxine ("Benaden") each day.

Groups I and 11 were injected subcutaneously every 5th day with at
first 150 mg, then 200 mg, and finally 250 mg of tannic acid per kilogram

bodyweight in the form of a 1.5-2.5% aqueous solution. Group III served
as the carcinogen~free controls,

The animals vere ohserved throughout for toxic effects, and prior to
the 180th day, all survivors were subjected to laparotomy. Animals aon the
low casein-high fat diet (Group II) had a much higher incidence of tumors
(67.57) than those on the high casein-low fat diet (29.7%). HNone of the
carcinogen-free control animals (Group III) showed any gross or microscopic
evidence of hepatic tumors. The authors noted however, that high casein
did not protect against the cirrhogenic action of tannic acid; actually,
cirrhosis seemed to occur more commonly on a high casein diet.

Protection from Liver Damage

Low to moderate dietary supplements of casein have been found to
have a protective effect on certain types of experimentally-induced liver
damage.

Rats

1. Litwack et al. (0892) investigated the effect of casein, gelatin,
and various amino acid mixtures on liver fat deposition in the rat. Three-
week-old Sprague-Dawley rats, 6 to 9 per group, were placed on a basal
ration supplemented with gelatin, casein, or an amino acid mixture (See
Table 47). Fat soluble vitamins in the form of 2 drops of halibut liver
oil were given each week in addition to the supplement; the latter were at
the expense of carbohydrate, The animals were weighed regularly and the
average weekly growth circulated over the five-week feeding period. At
the end of the 5th week, the rats were sacrificed and the fat content of
the livers determined by the standard A.0.A.C., method. The major results
are presented in Table 48.
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The data obtainced indicated that both casein and gelatin, at the
levels employed, were very effective in preventing abnormal liver fat
deposition in rvats., The various amino acids tested, alone, and in combina-

tion, as supplements in the basal ration, were ineffective in this respect.

Table 47
Basal Ration for Fat Deposition Studies (0892)

Lavel indtiet
Compaonent {per 100 2 ration)

Casein 0og
1. vt R
Sueroee or dextrin s1.0
Corn oil O
Salt ANV (D) 4
Thomin o HCL 2oy
b oflavin ]
Psridoxine - HO 23
Capantothenate 4
Choline ebloride 100
Tnunsitol b1l
Wiotin K}
Folic aeid 03
Table 48

Effect of Increasing Protein and Single Amino Acids
Supplemented to Sucrose Basal Ration Without Cystine (0892)

Avg growth rate
% fut af dry liver (g/vk)

Na, of = = g ——— .——
Supplement, % anlmnly Avg Range Avg """lﬁ i
0 G op (13,4 35.2) 7.6 ( K114}
3 Casemn [} G (6417 ) 15 (12.6-18.8)
(i G ll;.u E ;1»]5.:) g(-!\: %l:'ﬁié!:i
4 Glelatin (i} 17.: T-25.8) . 8122
u ! (] 140 (0 -184) u ( 0.2-38.8)
A L Proline (] 234 (14.830.K0) G0 (e 0y

R L} 348 (17 -85.4) 74 (48104

4 DL Manine it g3.1 (1B 6-26.1) G {42 84)

3 DL Methioning 3 207 (2306 20.8) 149 (10 It

2. Schwarz (1325), in 1952, discovered that crude and alcohol-
extracted casein, at a level of 3% in the diet, contained a factor (Factor
3) which protected rats against acute fatal dietary liver necrosis produced
by a vitamin E-free diet., The protective factor occurred in certain yeasts
also. An amino acid mixture similar to that of casein was without effect.
Factor 3 was found to be different from vitamin E or cystine, two subatances
already known to protect rats against the condition.
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3. Naftalin (1044) in a study of acute dietary liver necrosis in
rats discovered that the condition was markedly affected by the type of
casein used and the weaning age of the animals., Male rats (hooded Lister
strain), 8 to 10 per group, weaned at different ages, were placed on hirh
and low protein diets as indicated in Table 49. The median survival time
and incidence of liver necrosis were determined. The data are presented in
Table 50.

Rats weaned at 17-19 days of age suffered a significantly higher
incidence of liver necrosis than those weaned at 25 days of age. Genatosan
"low-vitamin" casein completely prevented liver necrosis c¢ven in rats that
were weaned at an early age, Glaxo "vitamin-free" casein and Glaxo "C"
casein (unextracted) led to an incidence of acute liver necrosis more than

twice as great as that found when Genatosan "low-vitamin" casein was employed.

Table 49

Management of Experimental Animals,
Including Procedure for Rearing Rats
Before Low-Protein Diets Were Given (1045)

i

Lxpt. 1 ; Fapt. 2¥ lixlpt- 3
July-Sepr 1461 Oct. 1961-Jan 165Y Fob.-May 100635
Mothoes’ dieb . . Rowett [nstitute Rowott Institute Rowett Tnstitute
! stock rat eubes+ 0 stock rat cubes + stock rot enhea+
’ uw's milk cuw's miik cow s itk
Liter . .| Ist lst 1st
High-protein diet Contained 18 per | Contained 18 per Conteined 18 per
cent. Glaxo cent. Genatoaan cent. Glaxo casein
* vitamin-free casein “ low- “ C" unextracted
usein vitamin " content
Age of young when 19 17 17

high-protein  diet
first offered (days)

Age when weaned 17 (group A) 17 (groups D, F, H) 17 (group J)
1

(days) 8( .., B) 2%B( ,, EGI 20( ,, K)
25( ., ©) ‘ 25( . L)

Age when low-protein 38 38 38

diet first offered

{days)

Duration of experi- 3 73 72

mont (days after

feeding on low-
protein diet) '
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Table 50

Age at Weaning and Incidence of
Acute Liver Necrosis in Expts. 1-3 (1045)

Median

A he No. dead .
Expt | Group | acaned | Tow-protein diet (LPDY | NLILET | with scute survival e
(Qays) liver necrosis eating L.P.D.)
[} A 37 Glaxo 12 i1 10
B 19 * yitamin-free *’ 12 10 13
¢ 25 casein 12 9 28
2 D ) Genatosan casein 10 1]
E 25 “ Jow-vitamin "’ content 10 0
F 17 Yeast-sucross diet 10 8 16
aQ 2 10 3 i
H 17 Yeast-maize-starch- 9 9 18
i 25 sucrose diet 8 2 1
3 ¥ 17 Gilaxo casein ©* C” 8 8 6
K 20 unextracted 8 8 [}
L 245 8 4 1

* e 1ab dind on each of the folowing dayvs after eating the low-peotein diet ; 19, 35, 4o,
P Ore rat disd on esch of the fptlowing days after eating bt low-protein dict | 20, 51
v e pat died on each of the fllowing days aftor eating the low-protein dieb ; =, 12, 20, 2.

Anti-Golter Effects

The anti-goiter effect of casein has stimulated considerable research
concerning possible mechanisms.

1. Remington (1226), in 1937, discovered that vitamin-free casein
added to a goitrogenic diet for rats reduced goiter severity in direct
relation to the amount fed (See Table 51). Yeast was without effect on
goiter incidence and liver worsened the condition. After analyzing samples
of the casein used, however, the author concluded that the anti-goiter
effect was due to its iodine content,

2. Van Middlesworth (1485) confirmed Remington's discovery (1226),
using a "“low iodine® casein in a goitrogenic diet for rats (See Table 52).
The author suggested that the iodine requirement of the rat may be decreased
by casein.

3. Axelerad et al. (0087) studied the effect of casein on goiter
development in mice with a diet very low in iodine (4.6 ug./100 g).

One group of 9 C3H (Heston) male mice weighing 17-27 grams was placed
on a liver-yeast-glucose-mineral salts goitrogenic diet; a second group
was fed the same basal ration but with liver replaced by casein (16%)8.

Both groups were allowed food and water ad libitum over a period of 74 days.

Two-and-a~half hours before sacrifice on the last day, all animals were

3)cid-extracted vitamin test casein, Nutritional Biochemicals Corporation,
Cleveland, Ohio
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injected with 2 yc of radioactive iodine. The rate of radioactive-iodine
uptake and degree of goiter were then determined at autopsy. The results
presented in Table 53 suggested that the anti-goiter effect of casein was
not due to the minute amount of iodine carried.

Table 51
Effect of Casein on Goiter Severity in Rats (1226)

[ 287 aun 39 uno corany
Wheat glten | 20 16 10 0
Cancin ] [ 1 £0 Comnierein]
Onrn meal £ ] 78 78 78 dog
Ca00, ] 1 1 i bhiseuit
Na 'O N U e T
Numbey of vata | 10 10 w 10 1w
By sMay ¢ M-6F EM-6F IM-TF EM-5PF
Gain in weight a
©(gwm.) ] Bt 68t 4 74 +4 674 120
Thyeaid weight | 27.4 24.9 23.1 T 183 15.8
(ll..)_._- (l?.l-.'l_{.?_)_. (lq.?.-l_lg.!) (18.2-47.8) | (15.1-81.1) | (11.0-20.2)
Thyroid weight |~ T T
por 100 gm. 2398430 18.90+0.0 17104 104 8.4+0.4
bady weight | (38.7-35.2) | (13.7-21.98) | (18.6-21.0) | (11.4-16.5) | (6.3-11.7)
RO D I N N S .. _

Viry matter (%)| £1.0 23.6 25.9 | 874 320
Todine, dry h
basis (%) 0.0137 0.0207 0.0451 0.0585 0.2000
Total lodine (v) 0.79 1.78 2.70 2.99 101

Tegree of en-
Lirgement 24 19 1.7 14

4. Van Middlesworth (1486) reinvestigated the goiter-preventing effect
of casein using a preparation that contained no inorganic iodide and only
a trace of organic iodine. The final concentration of iodine in the diet
amounted to only 0.01 g8 of I per gram. Analysis of the data obtained
led the author to suggest that the active golter-preventing principle in
casein is produced or released when the casein-iodine combination is
digested,

5. Nordsiek (1091) investigated the effect of casein on the goitro-
genic action of soybeans in rats fed test diets containing various proportions
of the twa subatances.

Diets designated 35 and 35 CAS (Table 54) contained 35% by weight of
raw soybeans; those designated 60 and 60 CAS contained 60%. Corn oil (5%)
and cellulose (6%) were included in diets 35 and 35 CAS. All diets

59



Table 52

Thyrold Weights of Rats Fed Different Diets

for Progressively Increased Durations (1485)
Weeks No. Body wt. Thyroid wt. Thyroid
on of (g) (mg) mg/100gm
Diet Diet Rats 15.D.* *S.D.* body wt,
+S.D.*
Fed diet less than 4 mo
Control (Purina Lab. chow) 8 8 153 ¥ 14 15 t 1.7 9.8 + 1.1
Cereal-G 6 9 175 + 33 54 *18 31 +10
Cereal-~G 12 9 202 1 41 60 + 12 29,7 + 12
Cereal-G+25% casein 8 14 208 £ 43 31.4 t 14 15.1 £ 4.1
Cereal-G+Nal (1.5 ug Hal per day) 8 6 152 + 17 16 £ 3.6 10.5 £+ 2.4
Cereal-G+al (3,0 ug Hal per day) 8 4 155 £ 17 15 = 3.4 9.7 + 2.8
Fed diet 4 to 8 mo
Control (Rockland Farms) 24 9 197 * 44 22 + 4.8 11 + 1.9
26% casein (with sucrose) 16 5 315 + 38 23 = 4.3 7.3 £ 1.3
13% casein (with sucrose) 16 11 260 + 43 18 + 5.6 7.0 £+ 1.8
Cereal-G+257% casein 20 6 336 t 14 32 + 8.8 10.7 £ 4.1
Remington 32 15 275 + 18 39 + 19 14 + 7.1
Cereal-G 39 i1 266 + 27 192 + 58 72 + 20
Fed diet 10 to 26 mo
Control (Purina Lab. chow) 40-50 13 362 + 38 27 + 3.6 7.5+ 0,98
Cereal-G 50 10 249 + 57 135 + 55 54.4 £ 22
Cereal-G+10% casein 50 2 370 £ 71 61 + 9 17 = 6
26% casein (with sycrose) 100 5 294 % 36 26 + 5.2 8.7+ 1.7
Remington 80-100 6 438 +118 231  £146 52.8 + 33
- Cereal-G 3 mo. then Cereal-G+25%
casein 2 mo. then Cereal-6G & mo 7 329 + 53 296 104 90.0 ¢+ 53
*5.D. means standard deviation calculated from the range
(R. B. Dean and W. Jd. Dixon, Anal. Chem. 23, 636 (1951).
Table 53
fnhjbition of Development of Low lodine Goitre by Casein (0087)
Composition of Diets
tried
Extracted  brewer's Iodine content Thyroid 131
Casein Liver yeast Glucose CaCO3 NaCl of diet weight#* I uptake*
- ug./100 gm. mgm/left lobe % injected dc
per left lobe
- 16 10 72 1 1 3.5 12.0 + 1.2 43.6 + 3.1
16 - 10 72 1 1 4.6 0.8 + 0.1 23.0 £ 3.0
*Mean *3randard ervor.
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Table 54
Effects of Casein on Soybean Goitrogenesis

Effects om Thyroid Gland Parameters of Feeding Soybean Diets
ad 1ibityn to Male Sprague-Dawley Rats for 7 Weeks Starting When
Weaned at 3 Weeks of Age with Weights

Averaging 48 g, Avg values, 10 rats/group. (1091)

et el SOMFAL® R3] 360AN g0 GOCAS
Donfine i divt, ot '8 06 006 A0 003 003
Foud vousnmed, gt st 440 637 (1115 [41]
Wt guined, g (1] o 208 145 187
Thyvoid wi, jug/ 1600 g
Foesh 19.9 18.8 1741 274 20.8
Rland. dov, 4.0 3.3 4.1 ¢.9 2.9
ny 4.1 h16 4.06 G056 4.85
muq. dov. A TR 09 1.23 73
Jadine in rqult‘ thyroids, D063 60 0180 0033 0110
% of dry we
* Contral.

contained 42 of U.S.P, XIII No. 2 salt mixture (no iodine salts) and 2.2%
of a complete vitamin mixture in glucose. Casein (purified, Nutritional
Biochemicals Garp.) was incorporated at a level of 17% in diet 35 CAS and
15% in diet 60 CAS, The remainder of each diet was made up of corn starch.
The control diet also contained soybean meal protein but the material had
been extracted previously at a temperature known to destroy much of the
goitrogenic acticity of the material. The level of iodine in the various
diets, by analysis, was only 0.003 to 0.005 ug/g. The author points out
that this amount is less than 2% of the rat's requirement.

Weanling male albino rats of the Sprague-Dawley strain, 3 weeks old
and weighing 48 g, in groups of 10, were placed on the various diets ad

1ibitum for 7 weeks and food consumption and bodyweight recorded. At

the end of the 7th week, the animals were sacrificed, and the wet and dry
weights of the thyroid glands were determined. The results are presented
in Table 54.

The author concluded that prevention of the goitrogenic effect of
raw soybeans by casein was not due to the minute amount of iodine present
in the preparation,

6. GCtedosz (0475) studied the effect of casein on iodine metabolism
in the mouse uaing the radioactive-iodine technique. One group of 6 white
mice (specifications not mentioned) was given methyl thiouracil (MTU)
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orally at a level of 1500 mg/kg BW daily for 28 days. A second group
recejved 100,000 mg/kg BW of casein in addition to MTU. A control group
of the same number was left untreated. On the last day of the experiment,
3 microcuries of free radioiodine (1131) in physiological saline were
injected 8.c, into each animal. The following observations were made:
radioactiwity of the thyroid gland in vivo after 1, 3, 6, and 24 hours;
total and protein-bound 1131 in the serum, and 1131 concentration in the
urine, after 24 hours; the 1131 content of the thyroid at autopsy. The
results are presented in Tables 55 and 56.

According to the author, the data obtained indicated that MTU
antagonized ¢he action aof thyrotrophic hormone as evidenced by a decrease
in the amount of lodine in the thyroid after 24 hours (Table 55) and a
diminution of the total amount of protein-bound iodine (Table 56). (it is
known that the thyrotrophic hormone increases the amount of iodine in the
thyroid gland and the formation of active organic iodine compounds (0475)).
Casein enhanced the effect of MTU on the thryotrophic hormone by causing a

larger decvease in pratein-bound iodine (Table 56).

Table 55
Radioactivity of the Thyroid (0475)

in vivo Skeletonized
131 I131 I131
cime after giving I in the entire in 1 mg of thyroid
animals & 1 thyroid
1h 3h 6h 24h
their number
control 23.6) 25,7} 31.0{ 33.0 32.4 1.6
6 t1,7] 2 +5.51 2.3 +2.33 +0.38
Fed mathylo—
chiouracrl | 47.5] 42.5] 38.7| 31.6 31.2 0.59
8 1.9 tl,) t2.8] 2.3 =2.1 10.09
(thyroid
fed methylor enlarged)
thiouracil
and cagein 35.2 32,9 31.5 23.6 23.0 0.44
6 $1.3] #1.1] 1.1 40.6 +0.44 +0.1
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Casoin differed from methyl thiouracil in its effect on iodine
metabolism in the mouse, however, in the following respects: (1) casein
increased the ancretion'of fodine in the urine whereas MTU had the opposite
effect (Table 56) and (2) 'TU caused enlargement of the thyroid pland,
casein did not (Table 55).

Table 56
Radipactivity of the Blood and Urine (0475)

- g -

Animals & Total 1131 1131 combined Ratio 1131 1131
.their nwmber in the serum with protein nonorganic in the urine
serum to organic 4
in the
serum
control 546%101 382%69.8 0.42%0.04 293,16
6
fed methylo-
thiouracil 814478.4 177£35.5 3.6 £1.14 2412,76
6
fed methylo- 637%113 143124. 4 3.4 10.4 3411,1
thioyractl and
casein
6

Other Effects

Reports on the effect of casein on a few other disorders appeared to be
noteworthy.

Ae. Rats

1, Suzuki (1413) compared the effect of casein and vitamin B
(Pafanutriu) supplements on the nutritional value of three commercial dextro-
maltose formulas for rats. Six albino rats from the same litter were used
in the study (qualifications not given).

Addition of Paranutrin in amounts up to 1 g daily failed to correct
the nutritional deficlency of any of the formulas. On the other hand,
supplementation with casein at levels of 11-25%, caused a dramatic increase
in the growth of the test animals.
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B. Humans

1. Gibbens (0472) treated 61 breast-fed infants suffering from
diarrhea, with calcium caseinate (Plasmon powder) with dramatic results
(See Figs. 5 and 6). Two to three teaspoonsful twice or three times daily
usually resulted in an improvement in 2 to 3 days. Doses as high as 10-15 g
daily have been used by other European physicians. The author reported also
that casein has been used successfully as a supplemental food for premature
and debilitated infants, as well as for chronic suppuration and a number of

other miscellaneous conditions.

Figure 5
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Chart showing increase of weight and
improvement of stools under treatment (0472)
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2. Jekat et al. (0679) compared the biological values of casein with
whole milk, a commercial powder, cheese, lactalbumin, and whole egg, in
five human test subjects (19-23 years of age) in balance experiments of

21 to 25 days. The data obtained, arranged for comparative purposes, are
listed in Table 57,

Table 57
Bilological Value of Casein (0679)

Food Biological Value
Whole egg protein - Standard 100
Casein 72
Milk 80
Lactalbumin 124
Commercial milk powder ('Nesmida')? 122
Swiss cheese 83
Edamer cheese 85
Egg and milk 119
Lactalbumin and potatoes 134

3Made by the Nestle firm
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BIOCHEMICAL ASPECTS

I. Breakdown

TheAeffect of heat and other agents on casein have been studied by a
number of workers with somewhat conflicting results.

A. Rats

1. Goldblatt et al, (0489) determined the effect of heat on the
nutritive value of casein for piebald black and white rats when fed at a
level of 207 as the protein source in a basal ration containing wheat
starch, crisco, vegex (for vitamin B), lemon juice (for vitamin c), a
standard salt mixture (McCallum #185), and 150 mg of cod liver oil daily.
Sixteen animals (11 males, 47 g and 5 females, 46 g) constituted each group.

The casein (Technical, Merck) used in the diet for Group I was heated
at 105-110°C for 36 hours (three 12-hour periods) in a thin layer (raked
every hour) in a room with forced air draft. The preparation used for
Group II was heated in like manner at 125-130°C. Neither heat treatment
changed the nutritive value of casein significantly as judged by the weight
gain of the rats employed, according to the authors. Both groups grew
normally,

2. Greaves et al. (0514) also studied the effect of dry heat (100-
140°C) on the blological value of commercial casein (acid) with, and without,
amino acid supplements, in feeding experiments with groups of young rats
(28 days old) consistipng of both sexes. The data are presented in Fig. 7.

Heating at 130°C caused a loss in growth value of 11% after 1/2 hour
and 18% at the end of 2 hours. At 140°C for 1/2 hour, the loss was 19%Z.
Biological value was not affected at 100°C up to 8 hours and at 120°C up
to 2 hours. Lysine was found to be the first amino acid damaged at 140°C,
and histidine the second. The loss in nutritive value of the heated casein
(140°C) could be restored by supplementation with these amino acids.

3. Baldwin et al. (0099) found that autoclaving casein with dextrose
for 15 minutes at 120°C caused considerable loss in nutritive value on the
basis of animal growth tests and microblological assay. Feeding experiments
with young (28-29 day) weanling albino rats indicated that the greater part
of the loss was due to destruction of arginine, lysine, histidine, methionine,
and threonine. The author pointed out that this phenomenon is of considerable

practical iwmportance in the preparation of dietetic formulas.
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35—
YIME OF HEATING IN HOURS

Figure 7

pPecrease in gain in body weight per gram eaten by
young rats produced by varying periods of
heating casein at 100°, 120°and 130°. (0514)

B. Guinea Pigs

Luz et al. (0911) investigated the effect of heat on the allergenicity
of the major milk proteins using several very sensitive assay techniques:
gross anaphylaxis, Schultz-Dale & Prausnitz-Kuster techniques, passive
cutaneous anaphylaxis, and gel precipitation.

The data obtained indicated that casein and B-lactoglobulin were more
heat-stable than the other milk proteins. Casein withstood boiling for one
hour and was the only protein that showed antigenicity after 120°C for 15
minutes. All three allergens (casein, ®-lactalbumin, and B-lactoglobulin)
survived the evaporated milk manufacturing heat treatment process in an
antigenically-active form, The authors concluded that "heat-denatured"
milk was not a safe substitute for milk-sensitive patients except for those
with a pure bovine albumin allergy.

C. Rabbits

Seibert (1339) in a study of protein fevers found that casein prepared
with the use of pyrogen-free water did not cause febrile reactions when
injected into rabbits. On storage under non-sterile conditions, however,
the material might become pyrogenic. The products of bacterial growth,
therefore, rather than casein itself represented the cause of febrile
reactions previously attributed to casein.

Pasteurization, acid precipitation, drying, milling and other processing
factors do not destroy spore-forming bacteria in skim milk and in the casein

prepared from it. Bacillus cereus has been found in commercial casein and

in vivo studies in experimental animals have indicated the probability of

toxic products connected with its presence (1339).
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- D. Humans
Ramshaw et al. (1204) isolated and identified the compounds associated
- with the "gluey" off-flavor of stored commercial casein and sodium caseinate
by means of gas chromatography and mass spectrometry. Most of the objection-
able flavor was found in the non-acid steam-volatile fraction which contained
 nd
a variety of compounds (See Table 58). Results of organoleptic tests by
a panel of experts indicated that the "gluey" flavor was due mainly to the
p— n-alkanols and furan derivatives formed. Further study of processing and
storage conditions led to the conclusion that these compounds originated
- from lipid oxidation and non-enzymic '"browning", a reaction between lactose
and casein (1204). (Commercial casein may contain up to 2% each of lactose
and fat (1204),
-
Table 58
Composition of the Volatile Non-Acid Extract* from Stored Casein (1204)
- ' Retention time, mia Qdour
oAy eon- % in
Compound Ap L C1540 M3 firmation  extmaoy
pithad acotate 24 20 + + 15
— 2,3 Butadione 24 . e + I
3 Methyi butanal 43 32 + + 14
n-b catanal 46 35 + + 10
Dimathyl disulphide 69 55 + + 40
— Butanod . 140 + . Oa
Pentanaod ) i85 + 45
Hovan-2-one T8 . + . tr
Fievanad 53 126 + + 65
Toluoe 56 . + . 1o
- Hegtaia 2 Gne 145 342 + + -4
u--"hllln' 150 148 + + 4
Furtural 16-0. 312 + + 14
Jtoranol . 28-8 + . 25
“l.l_\l Yerrizs Lo 150 T tr
," Dunethyl benzeno 16-3 ¥ . tr
Meothional 155 . t + tr
Methyl €uryd hetoae 202 370 + . us
(-tan-2-oho 238 230 + + 14
fo—— Mothy! furtural 210 . + . §-4
Bonzaddchyde 238 3»2 + + 345
Octanal 246 235 + + 21
Bonzomtade 248 . + . 05
Tergnne 310 . { . tr
- Nonan 2-ohe 323 31-0 + + oy
Acotwplunone 33-0 16 0 -+ . -5
Nonatal 337 313 + + 83
Phons laccetaddehyde 347 . + + 05
Dhean-2-one 7 + . 14
- Ihcanal 423 . + . 10
z-Teepinsil IO ¥ S 19-3 + + 10
Naphthalene 463 503 + . 13
Vndecan 2-one 59 415 + -4
o Undivanal 56 4 . . 1 05
Methytuaplithalens 535 t tr
rodhwan 2-one 66 5 . + -8
Db annd KRN . 1 (U3
/\\‘ TR W 2 ane 635 56-7 + . 2-5
o Trudewanal 630 1 . tr
'} e thy iniphthalens 130 . ¥ . tr
Ronzthiazohe . . 6830 + + 25
Phen:1 . 652 + + 1-5
— * See o 218, t Not positively identificd by MS but spectra similar

+ Paositive identification in MS.
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E. In Vitro Studies

1. Lea gﬁ.gl. (0848) studied the "browning" reaction in freeze-dried
sodium caseinate with glucose, stored at 37°C and 757 relative humidity.
After one month under these conditions a brown color had developed and the
product was less soluble than oripginally. Chemical analysis revealed that
90% of the lysine, 70% of the arginine, 30% of the histidine, 50% of the
methionine, and about 33% of the tyrosine had reacted with the carbohydrate.

2. Ramshaw and coworkers (1203, 1204) observed the so-called "browning'
or Maillard reaction in commercial casein in storage without additives.

3. The same authors (1205) determined that the off-flavor of ultra-
violet-treated casein was due to indole, skatol, benzyl methyl sulfide,
and unsaturated aldehydes, that were formed during the irradiation.

II. Absorption-Distribution

Some dietary casein per se, in a fully-antigenic form, is absorbed
from the gastrointestinal tfact and distributed in the body to an extent
sufficient to induce a hypersensitive state (0490, 0975). 1tMost of the
caseln consumed, however, is digested; the resultant amino acids are
readily absorbed from the intestinal tract and distributed for metabolic
purposes (1412).

A. Rats

Peraino et al. (1147) fed male albino rats, weighing approximately
200 g, test diets contalning varying concentrations of casein, carbohydrate,
and fat to determine the effect on stomach emptying time and absorption of
nitrogen from the gastrointestinal tract., The data are presented in Table
59 and Figs. 8, 9, and 10,

The data obtained show that the protein-free diet emptied most rapidly
from the stomach. Casein, at levels of 15% and 307 delayed stomach emptying
with normal feedings but not when reduced amounts of food were fed (Figs. 8
and 10).

The quantity of nitrogen that disappeared from the upper gastro-
intestinal tract per unit time was statistically greater when the diet
contained 50% casein than when the concentration was only 157 (Fig. 9).
Previous studies showed that this disappearance was due to absorption and

not by passage into the large intestine.
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Table 59

Composition of Experimental Diets

(1147)

, Type of
Diet Co €asein mg N\ g ‘.n‘lmln'«lr:ne feotat
A 0. < | l)v\luu S corn wil
[} 0 <l Sueroae Scorn il
C 15, M Pextrin S corn il
D 15 2 Surroae S cnrn oil
3 30 42 Prestrin 3 corn oil
F S0 42 Sucrose 3 corn ol
G 50 7 exeria S corn ail
H 50 - 70 Sudrose S o el
| IN] 20 Destrin 13 Lardd
13 20 SUCrose 23 lard
K 15 MU Plextrin NIART |
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B. . Rabbits

Jones et al. (0688) followed the diséppearance of casein from
the circulation in rabbits after i.p. injection. The time of appearance
of precipitin antibodies in the blood and casein in the urine were deter-—
mined also. One animal received 0.6 g of casein dissolved in N/20 NaOH
(300 mg/kg BW); the other was ‘injected with 0.5 g (250 mg/kg BY). The
data are presented in Table 60.

The results obtained indicated that casein absorbed from the peri-

- toneal cavity was not excreted unchanged through the kidneys in quantities

sufficient to be détected; rather, it remained in the circulation for a
considerable period of time, 12 to 13 days at least. Antibodies appeared
in the blood as early as 7-8 days after intraperitoneal injection.

Crystalline egg albumin, in contrast to casein was excreted unaltered
and relatively rapidly via the kidney from the bloodstream. Eighteen hours
after injection, this protein could not be detected in the circulation but
was present in relatively high concentration in the urine. FEgg albumin
antibody appeared in the circulation 8 to 10 days after injection.

C. Dogs

Denton et al. (0320) determined the concentration of amino acids in
the blood plasma of dogs at varying intervals after feeding casein, zein,
or beef. The results are presented in Table 61,

When casein or beef were fed, the concentration of amino acids in
the portal vein increased rapidly (See Table 61). With zein, however, a
decrease occurred prior to the expected rise in amino acid concentration
in the portal vein circulation. The authors concluded that the amino acids
from casein and beef eutered the portal vein within a narrow enough period

to allow maximal utilization.
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Table 60
The Behavior of Casein and Its Antibody .in Rabbits 3 and 4. (0688)

. . "Test of sczum for antibody
e | Tl | Tt
Hrbbit No. D.:ﬂ:&’ - . ' . Dilutions of antigen
1.0cc. | 0bec. | 1.0cc. | 0.5ce. | O.bec. | 12100 | 1:200 | 1400 1:800
3 1 - — — - - —- - —
2 +- - - - = - - ~
3 + + - - - - - -
4 + + - - - - - -
6 + ? - - - - - -
7 + ? - + &+
8 + ? + + +
9 + - -+ + +
10 -+ - + + +
11 * - + + + |+
| K * - k. + + +
14 + - + + -+ +
16 - - + + +
4 1 - -
2 - -
3 + - | - - | -1 -
4 + - - - - -
5 + - - - - -
7 + - - | -
8 o - - -
9 + ES + £
10, | = £ | + | +
1n = +- + +
12 * . + [+ | +
14 - + |+ | +
* 4 Indicates & well defined turbidity; s, a slight turbidity.,
Table 61
Concentration of Amino Acids in Blood Plasma
after Feeding Casein to Dog 102A (0320)

The lignres are in micrograms per b, of plasma,
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III. Metabolism and Excretion
Casein is regarded as a "complete" protein nutritionally in that it

contains the proper kinds of amino acids in the right amounts for adequate
nourishment and growth (1412). Following digestion, casein amino acids are
readily absorbed from the intestinal tract and metabolism studies indicate
a utilization of about 98,5% (1412).

A, Dogs
Zamychkina (1591) studied the digestion, absorption, and distribution
of casein—Il3l in vitro and in the intact dog. Casein—Il31 (5,000-10,000

pulses/min/ml) in phosphate buffer pH 7.6 was mixed with pancreatic and
intestinal juice from dogs with chronic fistulas in the in vitro studies,
After incubation at 37.5°C for varying periods of time, radioactivity of
the protein~free trichloric acid filtrate was measured, The nature of the
hydrolytic products was determined by paper chromatography.

In vivo experiments were conducted with 4 intact dogs and 3 animals
with Schiff or Schwann type gall gladder fistulas which were given casein-
1131 in milk and water at a level of 100-200 pulses/min/g BW (a few drops
of Lugol's solution were given also to each dog to prevent accumulation of
1131 in the thyroid). After varying periods of time, the radiocactivity of
blood samples and bile was determined. The study extended over a period
of 8-10 months.

In vitro experiments showed that digestion of casein by a mixture of
pancreatic and intestinal juices took place very rapidly; during the first
2-5 minutes, 20-25% of the protein was hydrolyzed. Digestion for 10-12
minutes resulted in 60-80% hydrolysis and after 20-30 minutes, 95-98% of

the sample was digested,
Digestion of casein—1131 took place very rapidly in vivo also. Shortly

after the preparation was fed to dogs, radioactivity was detected in the
bloodstream and reached a maximum in about 2 hours, indicating relatively
rapid absorption of digestion products from the gastrointestinal tract.
Hydrolytic products of the digested casein were rapldly excreted in
the bile. Five to 10 minutes after administration, the radiocactivity of
bile samples was 200% of the administered value/g BW. The maximal bile
radioactivity level (500-700%) was reached after 30-60 minutes and main-
tained for a few hours after which it gradually decreased to 10-50% by 24
hours. During the development of pathological processes in the liver, a

slower elimination of casein digest products was noted.
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B. Cattle

1. Lofgreen et al. (0895) gave 4 calves (Jersey, Holstein, and Guernsey
strains), 9-10 weeks of age, a single feeding of a diet made with casein—P32
and determined the rate of digestion and distribution of metabolites in
comparison with results on 4 similar calves fed inorganic P32 in the diet
(Table 62), Results ohtained are presented in Figs. 11 and 12.

Casein digestion in the calf begins soon after ingestion, as indicated
by detection of P32 in the blood stream within 15 minutes. The process
continues over a relatively long period of time, however, and the maximum
blood level of radioactive phosphorus was not reached until 13-23 hours
after feeding,

Analysis of various organs and tissues of animals sacrificed 24 hours
after being fed casein-P32 indicated that the liver and kidneys had a rapid
rate of phosphorus exchange whereas that of the brain was low, In the
gastrointestinal tract, the rumen, omasum, and jejunum, showed the most
rapid rates of exchange,

2. Derrig et al. (0324) investigated the effect of sodium caseinate
infused rumenally or abomasally on milk praduction, milk composition, N
utilization, amino acid levels, and amino acid uptake by the mammary gland
in the dairy cow, This particular investigation was part of a general study
designed to determine the nutrients which may be limiting milk production
factors in high-producing dairy cows.,

Seven mid-lactation Holstein cows (fistulated), on a hay-protein-mineral
salts-vitamin diet, were used in a 21-day experiment during which sodium
caseinate was infused for three 7-day periods into the rumen, abomasum, and
rumen again. Approximately 5 liters of a 9% (w/v) solution of sodium caseinate
‘was infused each 24~hour period (900 mg/kg BW). Milk production and the other
parameters of the study were determined by standard methods (See original
article for details).

A significant increase in milk yeild, milk protein and N content, and
dry matter digestibility resulted when sodium caseinate was infused into the
abomasum. Also, a general increase in the concentration of all essential
amino acids and most of the non-essential amino acids in the blood was

detected.
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The authors concluded that the data suggested the sequence of limiting
essential amino acids for the lactating dairy cow is: phenylalanine, methionine,
lysine, threonine, leucine, isoleucine, histidine, valine, and arginine (See

original article for details).

Table 62

Description and Treatment of Experimental Animals (0895)
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32
Levels of P in the blood stream of calves fed

labeled casein.

75



40 [I P32 INJECTED AS INGRGANIC PHOSPHATE
K P32 FED AS INORGANIC PHOSPHATE

ll P32 FED AS PHOSPHOPRGTEIN (CASEIN)

SPECIFIC ACTIVITY
(2}

CORRECTED

Fipgure 12 (0895)

Distribution of P32 in representative tissues of calves
fed either labeled casein or labeled inorganic phosphate
or injected with labeled inorganic phosphate. A, liver;
B, kidney; C, heart; D, lung; F, testes, T', skeletal mus-
cle; G, brain, H, rumen; I, omasum; .J, abomasum;

K, jejunum,

IV. Effects on Lnzymes and other Biochemical Parameters

Rats

1. Westerfield et al. (1533) studied the effect of high, medium, and
low concentrations of casein in a basal diet with, and without, added
p-dimethylaminoazobenzene, on xanthine oxidase in various tissues of the rat,

Three groups of Sprague-Dawley rats weighing 175-200 g were fed diets
containing 8, 12, or 217 casein (See Table 63) for a period of 18 weeks,
Three additional groups of 39 rats each were placed on the same diets to
which had been added 0.06% of p-dimethylaminoazobenzene. At the end of
1, 2, and 4 months, six rats from each group were sacrificed for enzyme

analysis and histologic study. The data are presented in Table 63 and Fig. 13.
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Table 63

The Xanthine Oxidase Activity of Tissues of Rats Fed Diets of Different Protein
Content With and Without p-dimethylaminoazobenzene (1533)
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Casein caused a : lisht nen-specific increase in the activity of
fructokinase, hexakinase, glucokinase, and aldoreductase. The effects,
however, were considerably less than those exerted by the various sugars
tested, i.e., glucose, fructose, and sucrose.

V. Drug Interaction

A. Bacteria
Price et al. (1181) found that the anti-bacterial effects of neomycin

and dihydrostreptomycin on Pseudomonas aeruginosa in vitro were markedly

inhibited by casein (Pfanstiehl), hydrolyzed casein, or calcium caseinate
at a concentration of 2.8% in the nutrient medium. Oxytetracycline,
chlorotetracycline, and polymyxin B, on the other hand, were not affected.

B. Rats

Kornberg et al.(0780) studied the effect of casein, urea, sodium
chloride, potassium chloride, and sodium bicarbonate on the kidney-damaging
effect of sulfadiazine in the rat.

Albino rats of the Wistar and Osborne-Mendel strains, litter mates of
the same sex and weight, were placed on test diets containing 1% sulfadiazine
and varying concentrations of casein and the other test substances. After an
experimental period of 30 days, the animals were sacrificed and the kidneys
examined for the degree of damage.

Gevere renal lesions resulted from feeding 1% sulfadiazine in a low
casein diet (10%). At a casein level of 30%, however, the amount of kidney
damage was significantly reduced, even in animals on a restricted water
intake. Urea, sodium bicarbonate, and sodium chloride were effective in
this respect also.

C. Rabbits

Math et al. (1067) found that casein added as a supplement to a cystine-
methionine-deficient diet protected rabbits for 40 days from hyperglycemia
induced by daily doses of 50-150 mg/kpg of sodium acetoacetate. The condition
was prevented complelely by a 2% supplement of methionine. The authors
concluded, therefore, that the protective action of casein was due actually
to its content of nethionine. A deficiency of -SH compounds appears to be
essential for acetoacetate-induced diabetes in experimental animals.

\A Consumer Exposure

Cascin and caseinates are widely employed in the food industry for a

variei of purposes,
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As foods, caseins are regarded as "complete" proteins with the proper
amino acid composition for adequate nutrition and growth. Large quantities
are used in the preparation of infant formulas, children's foods, diets for
the elderly, sick & convalescents, diabetic foods, diets for the obese, calf
starters & other animal feeds (1412).

Casein and caseinates are also excellent emulsifiers due to their
ability to bind water and emulsify fats, At least 26 goods on the U. S.
market contain casein or caseinates. Typical examples are: baked goods, ice
cream, powdered toppings, coffee creamers, cereals, egg white substitutes,
soup tablets, sausage, luncheon meats, etc. (See also Tables 66, 67, 68 and
69 for other examples). Casein is employed also as a wine clarifier (1034,
1412),

Sodium and calcium caseinates are the salts of casein most widely used
today (1412). They are used mainly in the food and pharmaceutical fields as
nutrients, binders, emulsifiers, texturizers, and whipping agents. Both are
white or nearly white powders with a clean bland flavor (1412).

Estimated daily average and maximum intakes of casein, sodium caseinate,
and calcium caseinate, as reported in the Comprehensive GRAS survey are given

in Tables 64 and 65.

Table 64

Potential Daily Intakes from Milk Products
Based on Food Consumption by Eaters Only (0420)%*

Casein Calcium Caseinate
Age Potential Daily Potential Daily
Group Intake, Mg. Intake, Mg.

Average Maximum Average Maximum
0-5 Mo. 13,050 39,655 2,198 4,770
6-11 Mo. 32,825 139,860 5,528 16,823
12-23 Mo. 21,100 107,625 3,553 12,946
2-65+ Yr. 14,200 54,390 2,391 6,542

*From NAS/NRC Comprehensive Gras Survey, 1972, Table 15, Page 19.
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Table 65

Estimated Dally Intake of Sodium Caseinate from all
Foods Based on Food Consumption by Total Sample (0421)%*

Age Group Possible Daily Intake, Mg.
Average Maximum
0-5 Mo, 289 700
6-11 Mo. 3,726 12,952
12-23 Mo, 4,820 11,301
2-65+ Yr. 6,948 14,336

*From NAS/NRC Comprehensive GRAS Survey, 1972, Table 13, Part A, p. 170

Foods in which sodium caseinate is used at the maximum level are milk
products 9%, imitation dairy products and hreakfast cereals 4,57, and cheese
47 (0418).

The total 1970 poundage of sodium caseinate reported to NAS and FEMA
was 13,231,488 1bs., (0417).

Other data reported in the NAS/NRC Comprehensive GRAS Survey are given
in Tables 66, 67, and 68.

A considerable amount of casein is imported annually. 1In 1972,
105,401,000 1bs. was imported from abroad. The range over the past ten years
was 87,878,000 (1963) to 135,288,000 (1970) (1474).

Medicinally, casein is used in non-specific protein therapy (1388), in
the form of casein-iron complex for anemia, and combined with tannin
("caseinum tannetum") for treating diarrhea (1412). Combinations with
bismuth, mercury, and silver have been used locally to treat infections (1412).

Casein is also one of the substances that migrate to foods from food
packaging materials due to its wide use in the manufacture of synthetic textile

fibers, paper coatings and glazes, and so forth (1388, 1412),
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Table 66, Possible Daily
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Lable 67
Comprehensive GRAS Survey -- NAS/NRC 1972 Page 19

Table 15 - Potential Daily Intakes of Additional NAS & FEMA Substances
(Group 1IV) per Food Category Reported, Based on Food
Consumptions by Eaters Only. (0420)

No.
Food Category Substance Name of Potential Daily Intake, Mg., Per Category
No. Name (Survey MNo.) Firms (Age) Average High A High B Very High
05 Milk Prods (R) Calcium Caseinate * 0-5 mo. 2197.62 4769.93 2197.62 4769.93
NAS 0556 6-11 mo. 5527.73 16823.16 5527.73 16823.16
12-23 mo. 3553.24 12945.75 7553.24 12945.75
2-65+ yr. 2391.28 6542.34 2391.28 6542.34
Casein
NAS 0422 0-5 mo. |13050.00 28325.00 18270.00 39655.00
6-11 mo. {32825.00 99900.00 | 45955.00 139860.00
12-23 mo. {21100.00 76875.00 29540.00 107625.00
2-65+ yr. {14200.00 38850.00 19880.00 54390.00
28 Imit. Dairy (R) Casein
' NAS 0422 0-5 mo. 000.00 000.00 000.00 000.00
6-11 mo. 672.30 846.45 672.30 846.45
12-23 mo. 336.15 607.50 336.15 607.50
2-65+ yr. 234,90 688.50 234.90 688.50
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.able 68 continued )
Sodium Caseinate
No.
of Potential Daily Intake, Mg., Per Category
Food Category Firms Average Age High A High B Very High
28 Imit Daily (R) * 000.000000 0-5 mo. 000. 000000 000.000000 000.000000
P. 256 559.919660 6-11 wmo. 704.,959090 741.253080 933.,264420
279.959830 12-23 mo. 505.951500 370.626540 669.807000
195.634580 2-65+ yr. 573.411700 258.992040 759.114600
48 Seas Flavors (R) * * k * % 0-5 mo. * % * % * % * % * * Kk *
P. 281 0.400000 6-11 mo. 0.800000 0.500000 1.9800000
0.600000 12-23 mo. 1.000000 0.750000 1.250000
2.000000 2-65+ yr. 4.000000 2,500000 5.000000
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